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TO THE 


Lord P A R MP E K. by 


_ ih 3 1 21 


BaARO& of \Maceles field, 


Lord HIGH. CHANCELLOR of 
e eee. e. 


4 ' 5 - = FAY 


ber: Lov D, e 1 | 


* 1 F whilſt your Lordſhip Hours 
are taken up with an je". AM 


as well as | he higbeſt Honour, 
cdhere can be any Time allow d 


e 


for Recreation, your Lordſhip makes that 


your. Diverſion, which few can attain to 
a 2 f without 


. 
5 


. 


DEDICATION: 


without painful Application and laboriou 
Study. To become a kilful Mathemati- 
cian and a ſound Philoſopher, and at th 
fame time ſhine in other Parts of Learning 
requires a great and extenſive Genius; but 
to lead a Life of Buſineſs, and be eminent 
in the Law, where Reputation is only got 
by conſtant Practice, as well as Brightneſs 
of Parts; and yet in thoſe few Minutes of 
Leiſure that are allow d to breathe in, and 
are as it were ſtolen from Sleep, to play 
with all the Intricacies of Lines and Num- 
bers, to view and underſtand the Syſtem 


of the World, the Proportion, Symmetry, 
and Harmony of its ſeveral Parts; to be 


Conſequence that have 'been made, and 
be able to contrive new ones as uſeful as 
inſtructive, was only reſerv'd to Men of 
uncommon Capacities, and to none Pas 
eminent a Degree as to your Lordſhip. | 

Tar 


DE DI CATI ON. 


Tun Honour I have had of being 
admitted into your Lordſhip's Converſa- 
tion, has given me an Opportunity to 
know which of the Mathematical Sci- 
ences are chiefly lik d by you; and as 
AsTRONoMY and Orr ies ſeem to have 
the Preference, I thought this Tranſla- 
tion of Dr. s GRAY ESANDE's Se- 
cond VOLUME would not be unac- 


ceptable. 


HAARE you have the Principles of the 
common Orr ies reduc'd into a ſmall 
Compaſs, and confirm d by new Expe- 
riments of the Aur HRS own, Inven- 
tion; a fine Application of the Action 
of electric Bodies to, diſcover the Nature 
of Fire; and Sir I$44G;NEWVWTON:s 
Doctrine of LI Hr and ;CoLlovyuns 
18 by the moſt coniſiderable of his 


gd N A 3 — Expe- 


DEDICATION. 


Experiments, which Dr. 's Graveſande 
performs with an Apparatus very inge- 
niouſly contriv d, and nicely expreſs d 
by curious Figures. The laſt Part of 
this Volume not only leads a Beginner 
gradually on from the moſt fimple to 
underſtand the moſt difficult Phenomena 
of As TRON Our, but gives ſuch a 
phyſical Account of the | celeſtial Mo- 
tions as muſt be fully ſatisfactory to the 
beſt Geometricians; there your Lordſhip 
will ſee with Pleaſure, that there are 
Profeflors abroad who | underſtand the 
PRTVCIPIA and have fo juſt a 
Value for that excellent Book, as to take 
Pains to propagate the wonderful Truths 
which it demonſtrates, ſo as to make 
them plain to ſuch Philoſophers as are 
not yet able to go thro all the diffi- 
cult Propoſitions from whence they are 

— — detain your Lord- 
1 2 * | ſhip 


DEDICATION. 


ſhip no longer, either from the impor- 
tant Buſineſs of your Station, or the 
pleaſing Truths of the Auron, than 
while I beg leave to ſubſcribe myſelf, 


My LORD, 
Your Lordſhip's 
moſt obliged, 
moſt obedient, and 


moſt humble Servant, 


J. T. Dz8aGuLIzs. 


. 
* 0. 5 — 
= LY = 
. 4 \ * Y 
-4 
_ ” a 
. of 
N — # 2 ” 
F * 
* 
0 = 
* 4 » * 1 
y 4 
l * 
L EA © , : 
4 = 
- 
: : P 
"47 j — 
— . 
. : 
5 #0 4 of 
— A * 2 * 
* 98 
1 
* _— * - 
" * 
2 - . . 
5 : , r ? K 
Eo @ . a - * : 
ſ 0 - [ = -——_ 
933 * 2 CH * 
— — 
7 * ? 8 ” > a - 
A Fw) "I 
* 2 s = 7 9 = - C 
= * CI 


* f , — 
: * 
2 1 - . , 5 
4 C3 % 1 Ss «Ss 6 
> - 
: * Ls * 
= , » , e , 5 
— f ö 
* 
F * & % * *＋ yy . 
99 — 5 & 
— 1 
of . w 
4 4 - 
ks, " 
- vs of - 
* * 
" * * o [ ate ' 
: m4 
. * 
- - 
— 9 
a. 1 a . 
5 , » — 


The AUTHOR's 
PREFACE 


Sroke of the Method of Reaſoning to be 
| cd in natural Philoſophy in the firſt 

Sen Chapter of the firſt Volume, and in 
(IR tbe Preface endeavour'd to indicate 
SH be Goodneſs of - the Method I have 
HEE followed. There are ſeveral remark- 

able Specimens of this Method in the 
preſent Volume, which evidently ſhew 
Sir Is AAC NEZWTOV ' great Superiority of Genius 
above all other Philoſophers. 


Before bim Naturaliſts were in the Dark in numberleſs 
Things relating to Light, and eſpecially to Colours. For 
Inſtance , — ever ſuſpefted before that the N 
Bodies depended upon their Interſlices ? So that a 
becomes ty ent qoben theſe Interſtices are filled with 
a Medium of the ſame Denſity as the Particles of the 


5 hl: 


His 


The PREFACE. 


4 Eu bee of the planetary 8 e 
the Motion of the Moon, is not leſs 4% a4 of eternal Prai- 
„ being likely to carry Aſtronomy greater Pitch 4 
Perfection than the nice Obſervations * could 2 
do; fer if a Man is acquainted with the Laws t 
vern the Syſtem of the World, "a", *\ our — 
bitter Uſe of his Obſervations, "and to compute the Motions 
of the heavenly Bodies more exadily, than if be had nothing 
but Obſervations to direct bim. 


N - 


It was my Defign in theſe Two Books to give my Reader 
a general Notion of the chief Things diſcover'd by Sir Isa ac 
NewToN in natural Philoſophy, and thereby to encourage 
bim tothe Study of the more abſtruſe, and 'at the: ſame 
time more ſublime, Parts of ' Mathematics, after be has 
learned the firſt Principles of Geometry, to fit bim for the 
reading of theſe plain Elements ; be will, as it were, go to 
the Fountain-Head when he reads the Writings of our great 
Philoſopher, which will reveal ſuch Things to bim as were 
unknown to the profoundeſt Philoſophers before him ; and 
which, tho* publiſb' d, are ſtill a Secret to all but ho 
rough Mathematicians. | a 


'vs 


. T bave only a few Words more 40 ſay to the 
Reager concerning the two I 7 Falun 
Mork. 


As tedious and 476 60 as an Author's ge- 
nerally prove, they cannot however be diſallom d, when wy 
are grounded upon ſuch an Injury done to the Author, as it 
is e Reader's Intereſt to be inform'd of. . 


Seon after the Publication by the firſt Volume of — 
ELzMENTS, it was tranſlated into Engliſh, and 


ih 
this 


in London, with the Name of a celebrated Profeſſor 7 
Mathematics, eminent for his Writings, inſcrib'd on the 
Ti Wu. Tab, as if be bad looł' d over and corrected this 

Tranſlation ; 


The PRE F A CE. 


Tranſlation ;, but whoever examines any one Page in the 
Book , will immediately diſcover the Wrong done to that 
learned Gentleman, and the Abuſe made of bis Name, ſince 
he will every where perceive manifeſt Signs of the Tranſla- 
tor*s Ignorance of the very Principles of Phyſics and Ma- 
themalics, not to mention his Negligence with regard to the 
correfting of the Additions at the End of the Book, to the 
Numbers in the Margin, and the Diſtinction of the Pro- 


poſt tions. 


Dr. DESACGCUIIERS, whoſe Knowledge of Philoſophy 
and Skill in making Experiments are ſo well known, began 
to tranſlate the ſame Work about the ſame Time as the 
other, or rather before; but this obliging bim to make more 
than ordinary Haſte, he could not himſelf wholly avoid the 
uſual Conſequences of too much Precipitation, &c. 
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Chap. I. F the Properties of Fire in general. 
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Chap. II. That Fire adheres to Bodies, and is contain d 
in them ; where we ſhall alſo ſpeak of N lags 


P- 
Chap. III. Concerning the Motion of Fire, where we 


all ſpeak of Heat and Light. 13. 
Chap. IV. 22 the Dilatation occaſion d by Heat. - 18. 
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| 14 
0 2 the Properties of Fire in general. 


—J\ Ho- we know ſeveral Properties 
== of Fire, yet we are ignorant bf a 
great many things relating to, it. 
1 ſhall not invent Hypotheſes, 
but reaſon from Experiments, 
and kaye untouched. What. is. 
ly Known. 
5 ea/ſil peneira tes thro all Bodies, Runen * 544 
and har the are. For we have never yer known 


3 


ns! L, 1 B any 


« ® 
7 7 


3 


—— 
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a "ta Body, chat by the Application of Fire has 
. been heated in all its Points; that is, in 
every Part. 4 
545 Fire moves very feiftly, 25 appears from Aſtro- 
- n6mical Obſervations 
546 -Fire unites itſelf to Bodies for when they are 
brought to — Fire, po grow "ge as we as 
547 heſore; and in_that Caſe t ur 
Which Easton is allo hüt de in dh Modes, 
548 whoſe — 2 not cohere, in which Caſe 7 
alſo acquire a great Degree of 2 as is ob- 
ſerved in Air and Vapours. 
549 That Fire in altruted by Badizs at a weakly Di- 
ſtance from them, will be ſhewn! in the following 
® 611 * 4 this Bock. a 
odjes are violently mm Again one 
EE will grow hot by ſuch à Friction, 
and that to à great 11 | Wor that 


550 all Badies contain Fire in ibem: for, by. 
Fire may be, put in Motion, and ſeparated from 
Body, but can by no means be generated that way. 
Having laid down thefe general Heads, we 
muſt ne ſeveral things more particulariy. 


„ 
T hat Fire uubrres to Bodies, and is kon 
. in them; eee 
1 Electricity. 10 


8. we have already ſaid, « one 1 prove 
that Fire 1 is ended d i in all Bodies be- 
| 4 there are no Bodies but What may be wa 

* 550 ed by Artfition ; * and that it coheres firmy Wich 
the Parts of Bodies, eher rs. in Smoke and. Va- 


2 55 for Smoke aud beg pours are made fie of 


— from Bodies, arid agitated 


Book III. of Natural Philoſophy. 3 
2 violentiy) by the Fire that-is juin d | 
with them 

There are, beſides, * remarkable Pha- 
nomena ariſing from Fire, contained in Bodies, 
ſome of which we-ſhall here mention; amongſt 
which, there are ſuch as relate very much to 
Electricity, for which Reaſon we muſt alſo treat 
CORRECT ICT un, vor Ni 


Drin IT Ion. 


Electricity is that s, by ** 551 
2 _ are heated 1 they atira#, 
han Ka a nfs hi 3 


14 Take two Pieces of Rock 552 

G a rub them together, and immediately | 
they will appear luminous all over, tho? they do 
not acquire any ſenſible Heat by that Attritios. 
Light (as well as Heat) is a Proof chat there is 
Fire in a Body. The g Light is in thoſe 
n AF UTI. v9 4 


res Take A GlaG Tube i 50: 18 553 
tac long and one Inch in Diameter, and rub 

ed a Laar 2 or Woollen ee — 3 it wal 
emit Light in he Dick. | 1 4 


e 3. Plat L Wah This Tube, 554 
has a very ſenfible Elefttici- 
3 for: wh light: 


ſuch as Pieces of Jef 
Id, and Soot, ares fronerpar ia and the 
Tube be brought near them, they will be put in 
Motion, attracted, re and driven ſeveral 
Ways by the Tube. The Tube acts at diſſertat 
Diſtances, to the different Sente of [the 
Air; ſometimes at the Diſtance of ane Foot; 
when 8 e eu r is di- 
I 


3 There 


4 Mathematical Elements Book III. 


— 363838 There is one Thing e 
to explain in this Experiment, 5 
Direction of the —— z when you rub! the 
Tube, one End of it is held in one Hand, whilſt 
it is rubb'd with the other; which, if it be done 
from the Hand that holds towards the other End 
of the Tube, the Effect will not be ſenſible ; but 
if you rub from the free End of the Tube to- 
wards the End held in the Hand, the contrary 
will happen. And this happens indifferently, 
whether you hold the open or the ſhut End of the 
Tube in your Hand. 
! 556 In the following Experiments ( (Plate I. Fig. 2.) 
3 Globes are ſwiftly whirl'd about; to 3 
i which, there muſt be a cylindric N t 
— each End of every Globe; but only one of theſe 
Necks is to be open, and both are to have Braſs 
Ferrels, fuch as are ented at G; a Cock E 
muſt be ſcrew?d on to the Ferrel at the open Neck, 
and the te Braſs Ferrel muſt have a little 
Wheel r of about an Inch and a half Diameter, 
join'd to it, with a ſmall Braſs Axis ſtanding out: 
There is juſt ſuch another Piece of Braſs ſcrew'd 
bon to the Cock, ſo that it may be taken on and 
off at pleaſure. Theſe Axes go about a Quarter 
of an Inch into the Pillars 88, that ſupport the 
Globe, and are Centers for it to whirl upon 
12 when it turns about its Axis. e 
The Pillars 88 ſtand upon a ſtrong horizondiil 
Board of about an Inch and a half thick, framed 
into three other Boards, as may be ſeen in the 
Figure: In that which ſtands foreright, there is 
an Hole F that you may come at the lower Part 
of the Pillar, to make it faſt with a Nut or Screw. 
The other Pillar 8 is likewiſe faſten'd by a Screw 
applied under the horizontal Board, and moved 
«forwards and backwards in a Slit of 4 or 5 Inches 
long, THINS" Mad in order to take the 
210 L Glafs 


1 


Book III. of Natural Philoſophy. 5 
Glaſs Globes in and out, and to take in ſuch as 
are larger or ſmaller than others, according to 
the different Experiments to be made. 

There is a great r Wheel R which is turn'd round 
by means of the Handle M, and thereby 5 a 
very ſwift whirling Motion to the Globe 

In the Side of che upper Board, there is a Slit, 
along which the Pully i may be moved, by means 
of the Screw c, in order to keep tretch'd the: 
Rope n the Wheels Rand”. J" 3417 


74 . Plate 11. Fig. I 1 Abend 557 
Glaſs Globe of about 8 or Inches Diameter, to 
the Machine above · mention'd, and let it be 
briſkly whirPd in a dark Place, the Hand all the 
while being held againſt it, to give it Attricion. * 
If the Globe be exhauſted of its Air, it will 


appear all luminous within; but moſtly; ſo e 

the Hand touches the Glaſs. 
But if the Globe has Air in it, and bein 358 

whirl'd' in the ſame manner, the Hand be ap liel 
to it, no Light appears, either in the — or 
outer Surface of che Glaſs but Bodies ata ſmall 
Diſtance from the Glaſs (as for Example, at a 
Quarter of an Inch, or nearet) become luminous; 
and ſo only thoſe Parts of the Hand held againſt 


the Glaſs,” which termmate, or rather environ 
eee, touch 2 Globe, are 


the Parts that i 


. 


mn 12:40 26 7 5 1 * 

2 6. Plate I: Fig. 24 Take A Globe 559 

made uſe gel in the rege. oing Experiments, and 

put it in between the Pillars, to whirl it as be- 

forè: Then take a Braſs Wire 2 5 d, circularly 

bent in the upper Part, and ſix it ſo that its curve 

Part may be about 4 Inches off of the Globe, 

with ſmall Threads g from it, which be- 

ing extended towards che Center of the Globe 
N. B 3 come 


Middie bf che Cover on the Outſide. 


© and tub it till it becgmes warm, as: was done 


Mathematical Elements Book III. 
came within a quarter of an Inch of the Sorface ; 
of the Globe. 10 
Whirl che Globe and apply the Hand, nnd 
immediately the Threads wilt be moved irregu- 
larly by the Agitation bf the Air; but when the 
Glaſs 4 heated by the Attrition, all che Threads 
are directed towards the Center of the Globe, as 
1 . And if the Hand be 
ied a little on one Side, or neatrer the Pole of 
e Globe, the Threads will be directed to- 
9 that Point of the Axis which! is under the 
Hand. 
obo If the Air be den cu of the Globe, this 
whole Effect ceaſes. | 


| t 7. Plus l. E 21 Tale atetder 
Globe like the former 3 only differing in this, 
that the openꝰd Neck muſt have a larger Opening 
than that of the Globe G, ſo that you may put 

- - " into it &:round flat Piece of Wood o, that has a 
Braſs Wire for its Axis. In order to fix this 
Piece of Wood: in the Middle of the Globe, its 
Axis muſt be firmly ſcrew'd to the Middle of 
the: Cover. that'is öl to the open Neck of the 


"Globe nt 5 and the Cock E is alſo join'd * 


6 


561 


VP i } « 1 


To the wooden Circie ſmall Threads Ate fa 
. ſten'd,.'which, being extended. almoſt touch the 
inner Surface of the Globe. 
Turn the great Wheel ſo as to whirl the Globe, 


in the former Experiments; if you ceaſe to 

whirl the Globe, and the Hand be taken off, 

the Threads will immediately ſtreteh th mſelves 

out like Radii from ce Comer 111 

face of 3 — one 
ur — 


Moment at, teſt; 
N in — 20 
8 appears 


* A 


Brise 
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pears by blowing againſt the Globe, tha” you, 
and nd two Foot off off, 25 farther, from the Globe. 
I you bring your Finger towards the. Globe, 
tho? you do not touch it, the Threads next to it 


will be attracted 1 785 Fi n and. directed to- 


Wards i it ; N ſomet tom it. 
It” hk appl the whole Hand to labs, the, 
Threads will be max d yialently and irregularly... 
And if all the As be drayn aut, a8 in the. 562 
foregai Experiment, the whole Effect ceaſes , 
and the Threads (both before and aſter, the Erl. 
Qion) only hang down by their, Gravity. . _... .. 
If we attend to all the foregoing Experiments, 
the following Concluſions leem to he naturally 
deduced from ther, Wa We: 99 not give 9 F F 
ehen but Ver prol bs % we. mult. 
ways diſtinguiſh Certainty from Tro. | 
gt Glaſs contain in it, aud has, gbaut its Sur- 563 
fate, 4 certain Ferre which is 15 by . 
ion, and put ing ꝗ vibratory Motion; for it @t-* 55+ 
85 and repels 5 1 Badies ;“ 5 ſwalleſt Parts 55% 


61. 
of the aſs aro by the Arrrition, and by # 5%, 
reaſon of their Rich de ation 18 vibra- 
tory „ Which is hr e Atmoſphere 
a We medion 


wa ae 90 hay Ee 
Ip, its nd tarthe greater Agita- 
tion the Parts 5 5 6 refine 3 


15 


Fn 1d. at a 


be anne Wee js aer W 247 3 
5 515 e Ire 2255 2 8 
a e is Airs, She 9 5 


Yd 00 Lights, nor any 


wo 


uthde of N 
iti F\ 


e 


* 605 Atmoſphere as we hall hereafter ſhew; ®. 


” oy Fire, which 
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Globe appeats very luminous, and this Fire is 
perceiv to be in greater Quantity in this Ex- 
riment, than in —— immediately after ment, 


® 558 100d.” 2 


But the Action of the Electricity a alſo 

®* 562 ceaſe on the Inſide when the Air is drawn out,“ 
which ſeems to overthrow. what we ſaid of the 

more eaſy Motion of the Atmoſphere of Glaſs 

inVacuo: But yet it is not probable that it ſhou'd, 
move no whither in this Caſe. On the 8 

it ſeems to go the ſame way as the Fire, and 
to move that way where there is the leaſt Reſiſt- 

ance; and that the ceaſing of the Action of E- 
lectricity is to be bu to the Want of Alt, 

566 by means of which, the Threads are moved 


the 


penetrates all Bodies, acts 
upon them violently by tan, of the Air or kN 


2 laying aſide Conjeltates. tho? they have 
great many Experiments for-their Foundation, 
let us return to other Things relating to Flre; 45 
ſeveral Experiments are to be made in Vacub, we 
muſt deſeribe the following Mathine contriv d to 
give Attrition to Bodies in Yacud. 
567 "Platell. 2 Let M be the Air-Pum 57 
* 437 ſcrib'd before,“ LL the Braſs Plate of che 
ad 22 Which the Glafs Recefvers ure ſet; on wil 
- Side of the Plate there is a wooden Pillar, A) 
D, which Pillars ſtand on the Board that car 
rigs the Air-Pilinp'Plate, having their Baſt u 


4 


it and a Part below the Baſe, and going thre” 


the Board with an Hole in it, to receive ve ro fol 4 
Pieces of ' Wood or Wedges, that make t hem 
fall during the r dot ſo that the aid 
Pillars may be taken away aſterwards. N 
be Glaſs Reterver, in which the E erimerits 
to be niade, if about 9 Inches high, and 6 
in 
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; in Diameter, with a Covgr * that has annex'd to 449 
it a Box or Collar full of oil'd Leathers thro? 


which a Braſs Axis, paſſes; and leſt in the 
whirling round of the Axis the lower End ſhou'd 
| move, Part of the Box is made ſquare, ſo as ex- 
| actly to fit a ſquare Hole in the Horizontal 
Board E E that preſſes on the Cover, and is 


made faſt by bringing down. the Nuts or Screws _ 
BB at each End, without bearing upon the 
Shoulders of the Pillars. Ka By 
Towards the upper Part of the Pillars, there 
is a narrower horizontal Board F F preſs'd down 
alſo and faſtened with Nuts, which has fix'd to 
| it, on the under Side, a Piece of Braſs g, with an 
Hole in it for the upper End of the above-men- 
tioned Axt to turn in, whilft the biggeſt Part of 
| this Axis, being in the middle of the Glaſs, has 
| an outſide Screw upon it, with the two Wing- 
L Nuts d, d, moveable upon it, in order to faſten 
ſeveral Bodies upon the A. 
The lower End of the Axis turns in the Hole c. 
The Braſs Spring F is joined to the Piece c, 
which ſcrews it down to the Air- Pump Plate at 
the Hole Where the Air is drawn out; but there 
muſt always be made a ſmall Hole or Paſſage in 
the Piece c, for the Air to be drawn out at. 
* Havihg exhauſted the Receiver, the Axis 
above-mentioned (by rea ſon of the oiled Leathers 
in the Celler P) may be turned round without 
admitting any Air; but to give it a quick Mo- 
tion, there is a little Braſs Wheel 7 of about 2 
Inches Diameter, with Points in its Groove, that 
the Rope, that turns it round, may not ſlip. 
The great Wheel R, of about 3 Foot Dia- 
meter wich its Frame, is brought up cloſe to the 
Air- Pump, and made faſt to its Foot by a Screw. _ 
The Rope, that goes about the Jefſer Wheel rr, 
is brought down over Pullies obliquely placed 
fl . 


— ns ww " Faw n 


— i 


RT —_rT 


—— » ————Xx = 7 


10 


: in the upper Part of the Pillars C, C, and be 
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aver them, comes down to the great Whedl 
which it goes round; ſo that by turning the ver- 
tical Wheel R, the Braſs Axis, above deſcribed, 
is carried round very ſwiftly, whereby a Motion 
i communicated to Bodies in Vacuo for ſeveral 


T3 22 ; | 


568 


Experiment 8. Take a Glaſs Globe of three 
Inches n or of two Inches and a half 
Diameter, with an Hole on each Side, where it 
may alfa have cylindric Necks, The Axis above- 
mention*d muſt go thro” thoſe Holes, in order to 
give the Globe a whirling Motion; Pieces of 
ork muſt be put on each Side of the Globe to 
cover its Holes, and made faſt with the Nuts d, 
d, in the Kader that they appear in the Figure, 
to hold faft together the Plates or little Wheels, 
thrg which the Axis goes. 1 


Tus Globe. thus F d. witl be fwiftly mod 


ff, which by is Elaticicy preſſes the 


in Vacus with its Axis, by turning the Wheel R: 

To cauſe Attrition, : Piece of Woollen Cloth 

muſt be tied on to each Side of the Braſs os 
, 


hard on each Side. 98 we, f : 
- Making the Experiment jn the Dark, the Globe 
will appear luminous; and if the Motion be con- 
hid fill the Globe grows hot by the Attrition. 
the Light will indeed be increaſed, but will 
appear kr d jn che. Places where the Atiricon is 


made. ., 


69 It follows from that Experiment, that ihe Fire, 


contained. in Glaſs, dies not want Air ia make ut vi- 
Able; for is grows hot, and ſhines when both che 
internal and external Air are taken out. 


5/0 Experiment 91 Take a round Piece of Wood 


Kaan, mee 
E g : . nc 


11 


py 
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Ioch thick, and let it have ſeveral Hollows cut in 
its Edge, that it may be i may be mak 4 
with Beads gf Plaiſter, which m 
to it with Threads going, thro? 
Figee of Woad, thus prepar'd, Se 1946 Kan 
on the Axis above-mention'd, in 
ner the Bile Globe ind, ber lent So 
give Attrngon ix Vacua, a8 In. 
and. Light will be thereby prices n 2 
nen 2 That Qui her oo gains Fire 571 
is plain, from e 15 Vacug., 
Far if Mercury wall clean d be th I dabapr in an 
1 — Glaſs, it will HOY 45 led | 
If, you put Mercury into Fe Wege 


Globe, may be whirl'd roune 9 de 8 
— 2 which will be, 585 

the Glaſs be mov d ]]) Ach a no 

Tin mixed with it, it may be dean d duch 

hot Vinegar. 


The Globe that has the Mercury in it. —_ 573 
exhauſted. by ſcrewing on do it a we about tw | 
Foot long, the lower. End of which; muſt be 
Gy 121 tha Holt in rhe. Nl of the 

0 e AW-£ MP. / Had 
Then, if you ot hack that dt. 
25 ro which the Air is e be Air 
eceivers above: wention 
be caſilꝝ daun ont of che lobe. 


Phe I. Fig. 40 Taks a Se 374 

grew d on t it che Pipe E MET 

End is ſcrew'd tothe Air 

Rin tn io io and pump L the 

T em Ate through wb 

Air is dran out, muſt. tand up bryond the Ph 

in dhe Receiver about 4 or 5 Inches. he bent, 
ich mul RM 


ar 2 


Pe 
— 


and. have 8 fig. n W 


19168 


i 


hoe lower End, that is without an 


- 


5 


. 
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En care df. Dr 1 
to the Air-Pu 
"this Plate head Braſs Pipe B ; 


"The middle 


comes down almoſt to the Bottom of the Veel 
W "that contains very clean Mercury: There is 
ah Hole in EN ISENY exactly ſhut by 
the Pin A: The upper End of this Pipe has a 
-wery ſmall Hole in it, and comes up through the 
ef the 


z hot nl 
Air 
l i open the Hole in Side of 


the Pipe N and the Me 


by the Preſſute of 


Wee exterital Air will go up to the Tube. and will 


5 


rw 


7 


22 


* 
22 
' * 5 21 
* : 
"= 4 88 3 
: —— ? 
* 


very ftrotigly into the Receiver, ſtriking 
the Top of it. a gas an: 1 
dn e inade — 


ee, rt. Chyttils make 2 certain in Re. 
N qt mane 

z which” muſt be kept in Water. I be 
ro rn 


. a 


write with it upoh a-Pa 

hokd the Px in #datk*Phce, — will ſee 
ters of The Phoſpborns itſelf, when 
yo tales ien of the Walker vil grow Kor and 
ke ; all which 'ſhews'that' the Phoſphorus con- 


deal of Fi 
2p * ares that Water 


Ay — — ge 


| ws fo tar i ge — 
in, t cifinot our 

Se Phoſi i cover d e Was, bt 
Welter ® taken away, the Heat and 
Sinoke” iminSiacely Wer that the Fire iſſues 
wit of the Phe e Ar alſo does, in ſome 


r, keep in "the Fine , in bot Water's 
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that is, hinders it rer deal 
it will do in Vacuo. 


Experiment 12.] Take- two Veſſels that are 
equal and alike, and put an equal Quantity of 
boiling 
them be ſet upon the Air- Pump Plate under a 
Receiver, and pump out the Air; when you are 
pumping, the Water boils violently by the Action 
of the Fire that goes out of it; and then ſoon 
becomes only lukewarm, whilſt the Water in the 
other Veſſel, which remain'd in the open Air, 
has ſcarce loſt any of its Heat. 


One may obſerve ſomething like this in ſhining 578 


Wood; for ſome Wood that 1s rotted in the 


Ground, ſhines when it is taken out; the Earth * 
that encompaſs'd the Wood kept in the Fire, 


which goes out when that is remov'd, and the 
Wood continues to ſhine for ſome Days. In an 
exhauſted Receiver, the Light is ſoon deſtroy'd, 
and is not reſtor'd by the Ker OH of the 
Air. 

But it cannot be eaſily 8 hom Fire i 15 
confined in a Body by the ambient Bodies, nor 
is it eaſy to find out what Action produces this 
Effect; it is hardly probable that Preſſure is here 
much concerned, - ſince Fire does cally IA 
all Bodies nd its Subtilty. 


4 * 
, s 2 
hd ——__ 4 5 4s — — * IR 1 1 _— 
— 
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Cones r the Motion of Fire, ior wur 
* of. Heat and Light. 


g have. faid that Fire moves very * 


ee produces different Effects. n 9 10 
| ight 


ly, and this Motion, in different Cir- * 
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Water into each of them. Let one of 


- 


545 


01 XN TY of 
as Mathematical Elements Bool III. 
Light are to be attributed to the different Moti- 
579 ons of Fire. Heat, in a hot Body, is the Agitation 
the Parts of the Body and the Fire contained in it; 
85 which Agitation, a Motion is produced in 
dur Bodies, which excites the Idea of Heat in 
580 dur Mind. Heat, in r of us, is nothing but 
that Tdea, and in the hot is nothing but Motion, 
Here we muſt call to mind what has been ſaid of 
the Senfations. in „. (N. 502.) which alſo 
may be referr*d'to Light. | 9 
9 Fire enters our yes in right Lines, by the 
Motion that it communicates to the Fibres in the bot- 
tom Ml the Eye, it excites the Idea of Light; of 
| ich Motion of the Fibres we ſhall ſpeak more 
716 Particularly hereafter,.® A reffilinear Motion is 
582 


the Motion of Light, as it appears from its be- 
ing eaſily ſto by an Obſtacle. On the con- 
trary, ſuch Motion is mot requir'd in Heat: and 
that an irregular Motion is more for it, may be 
oved, becauſe the Rays, that come directly 
m the Sun to the Top of a Mountain, pro- 
duce no ſenſible Heat; whilſt in the Valley, 
where the Rays are agitated with an irregular 

Motion by feveral Reflections, there is often pro- 


DzxriniT1on. * o dawn 
A Body is ſaid to be Lucid, when it emits Laght, 
that is, When it gives Fire a Motion in right 


Lines: 

583 That tbere is not always Light, where there is 
Fire, is beyond all doubt; for we daily ſee hot 

Bodies chat do not ine. 
But 'wherber there be um Body <oithout Heat, 
cannot be determin d. Heat, in all Bodyes, is a 
Motion that may be infinitely diminifh'd 3 and 
'+*- there way be ſuch a Motion, tho” it be not ſen- 
Able to us, berauſe viten we cannot diſeover 


any 


584 
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any thing of Heat; for certainly chere are a 
t many lucid Bodies, in which we can! 
ceive no ſenſible Heat.“ Concerning which it“ 571 
may be obſerv*d, that no Heat is ſenſible to us, 
unleſs the Body, that acts upon our Organs of 
Senſe, has a greater Degree of Heat than that of 
our = ga Which ſhews us, that the Jud: 
ment of our Senſes, concerning Heat, is wholly 
uncertain. N a 3 
When the ſmalleſt Parts of which any Body 
is made up are agitated, either by Attrition, or 
the Action of Fire W 0K externally to it, or 
any other Way ; the Fire is ſeparated from the 
ſmall Particles, and agitated in the Body; then 
alſo the Fire and the Particles of the Body act 
upon one another by their Attraction, as is 
prov'd by the Experiments which we Thall here- 
after mention.“ By this Action ſome Parts are 611 
ſeparated from the Body, and carried off from 
it by the Motion of the Fire. And this is the 
Cauſe why bard Bodies ate of ten ſet on Fire by 4 585 
vialent Attrition. > 2 
Hence we deduce, that the burning of Bodies is 586 
a Separation of their Parts by the mutual Aion of 
the Fire and thoſe Parts on each other; ſome of 
thoſe Parts, carried off by the Motion of the Fire, 587 
make Flame and Smoke. _ - 
We fee beſides, that ,a Body, that is burned 
by the Application of Fire, is not only diſſolv d 
by the Action of the external Fire, but alſo by 
the Action of the Fire contained in the Body © 
irfelf; and that the Heat is increaſed, by the Ap- 
plication of new Fire, and the Augmentation of 
the Agitation of the Fire which the Body: itſelf 
contaitis ; and therefore that be Heat is wot n 588 
proportion to the Quantity of Fire. 2 
As to the Motion of Light, it is plain, as we 
fild,* chat it is perform'd in right Lines; but * 58 
whether 
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whether it be ſucceſſive or inſtantaneous, is diſ- 
puted ; that is, whether at the ſame Moment 
tdthat a Body begins to ſhine, the Light is ſenſible 
at any Diſtance, or whether the Light goes on 
ſucceſſively to Places more and more diſtant. 
589 It ſeems clearly to follow from ſeveral Aſtro- 
nomical Obſervations, that that Motion is ſuc- 
ceflive, and Philoſophers did not long doubt of 
it ; but by ſome later Obſervations, the Conclu- 
ſions, drawn from the former, are weaken'd, and 
we are obliged to confeſs that the Motion of 
Light has ſomething unknown to us. * 
To ſay that a Motion from one Place to ano- 
ther is not ſucceſſive, implies a Contradiction, 
and it can ſcarce be doubted, that Light moves from 
590 one Place to another.  __ ns 
For we obſerve that Fire is carried off in Va- 


pPours and Smoke; in which Caſe, Fire carries 

with it the Bodies to which it adheres, and yet 

is often mov'd very ſwift : If the Subtilty of 

Fire be conſider d, it will eaſily be found that it 

is immenſly retarded by the Bodies to which it 

_ adheres; and, that, as ſoon as it is freed from 
them, it is mov*'d with a very great Velocity. 

There are ſeveral other Things very well 

worth obſerving, in reſpect to Light and Heat, 

but a great many of them are hard to explain. 

In natural Philoſophy, when we are ignorant 

rafts the Cauſes, we mult only mention the Ef- 


591 We ſee ſeveral beated Badies that become lucid, 
if their Heat be increaſed ; ſuch are Metals: They 
emit Fire by the Agitation of their Parts, but 
if the Motion of the Parts be increaſed, Part of 

de Fire is mov'd in right Lines, and the Body 


" © © # » - 4 
2 I - - 6 ® * 
* 13. | «#5 ** 
4 }4 
P . 4 # c K . 


ü 
* - N * P * * 
| 12 +2609 TIS TTY TY 4} 
* * 4 - = — — © 
WC - d 
* 


„ » £1 ]] ⸗ W» R8#« i@©@ «aw ac 


Book III. of "Natural Philoſophy. 17 


Thus if Smoke be made hotter by applying. 392 
Flame to it, it is chang'd into Flame 3 
is, it boobies 4 5 N 491 


) Experiment 1. "Plate II. Fe. 3 JHaviog blown © 
out the Candle C, which fads out the Smoke 
F; let another lighted Candle be brought to 
it, and the Smoke of the firſt will be changd 
into Flame; and that ſucceſſively quite to the 
Candle C, which is thus lighted by the Can- 
dle A, tho' it be 5 or 8 Inches from it. 

We have ſaid that Air acts upon Fire“; one 577 
of its Effects upon it, that in many Caſes is not 
to be overlook'd, ſhews itſelf in reſpect of Light. 
For the Preſenct of the Air is often neceſſary for the 593 
Productian of. Light or Preſervation q Fire, which 
may be obſerv'd in the burning of all thoſe Bo- 
crank aa rerun r k 


from chem. | 32 > 


81 


apes 21 Pot a lighted Candle under 
the Receiver of the Air- Pump; exhauſt the Re- 
ceiver, and the Candle will immediately go out. 


Plate II. Fig. a. Experiment 3. ]: Take a round 
Plate of Steel of about 3 Inches Diameter, witli 
an Hole in the Middle to receive the Axis which _ 
is to be mov'd in Varus, and let it be preſsd 357 
and fi d between two round Pieces of Wood 

by the Help of the Screws d, d let Pieces of 
Fin be fakten'd to che Spring 7, —— 
the Motion of the Axis the Steel Plate may 
nimbly againſt the Flints. As long as there is 
any Ait in the Receivet the Attrition will pro- 
duce Sparks of Fire; when the Air is drawn 
out, tho you continue the Attrition you can 
N gem Light : but 1 — 

Air, it becomes again ſenſible. 

Yor II. , C We 
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the contrary, that 7. 

Abjence of Air is * for Lig E. 
might be ar bu — 
* 557 mention'dꝰ. x Re: taking away the 
5371 ir, te fame La, wt me 
595 ay is 


8 Experiment 4.] With the Phyphorus * above- 
mention'd write or draw ypon Paper, 
will ſhine in the dark, as we ſaid be» 


and they 
fore 3 1 became much Wen 
e i Hacuv. Wt 


9 2 4 =o 2 898 


* * 11 9 3 . 


chad Las BANDA: "In. 


oF, the Dilatation occafien'd by Heat, 
LL Bodies are dilated by the Action of 
Fire“; but /bat Dilatation changes as the 
Heat c z ſo that it ſeems to rather 
— thes the Quantity of the Nie; for 
Bodies are expanded. ® wo by rubbing oy 
applying Fire to them externally. 


| Experiment . Plate HI; Fig. 1.] Take a 
Iron Bar about n eke 


595 
25797 


Bar, thruſt throſinan lon Rulds abour 4.065 Inches 
long (made Wedge-Fathinn, bei En 
broader at N than at, and divi 
Pares) as far as it will go 3. | 
. e a End: of tht Bar, 


maſt be a linke obl os g 
1 ef tar che y-the 


” O03 <@4+-+ 


Acer 


Tuben be 
tion or Fire; then er K . —— 
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* * 


the Standards, and the Ruler thruſt in between : 
As the Ruler will not go in ſo far as the Diviſion 
that was obſerv'd before, it is plain that the 


Bar is lengthen'd by Heat. 


Ex t 2. Plate II. Fig. 4-] That Liquids, 
as = po are dilated by Heat may beproy'd 597 
in the following Manner. Take a Glaſs Ball 6 
that has a ſmall Tube E D ſor its Neck, and 
fill it with ſome Liquor up to what Height you 
pleaſe in the Tube, and the Liquor will aſcend 
in the Tube, when you heat the Ball ; a ſmall 
Degree of Heat will produce this Effect, even 
tho you uſe Mercury, the denſeſt of all Fluids. 
The Experiment will be made in the ſame Man- 
ner, but better, if inſtead of a Ball you uſe an 
hollow Cylinder C with the long Tube B A 


join'd to it; for the whole Liquot will be ſooner 


heated in a Cylinder than in a Ball. 

If che Tube E D or B A be divided into equal 598 
Parts; or the Tube with its Ball or Cylinder 

be fitted to a Frame on which equal Diviſions 

are mark d, the Heat may in ſome Sort be mea - 
ſured by this Machine: For the Liquor riſes or 
ſubſides in the Tube, as the Heat of the neigh- 
bouring Bodies & increas*d or diminiſſi d. Suck 
rt - call'd * — — 
common T indeed a Change 599 
in the Heat, ors uncertain whether they 8 
ſhew the of Heat; that is, it is not 
known what Nelxtion there is between the 
Change of Expanſion and the Change of Heat, 
ſo as to enable us to compare the De- 


of ing the of 
ee pe: ory 


If the Ball G orCylinder Cbe ſuddenly heated, 600 
the Liquor in the Tube wilt immediately deſcend, 
urn an IT By reaſon of * 
#41 2 
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* den Heat the Olaſß it ſelf grows hot ſooner than 
the EIquor contain'd in it; and therefore when 
= Glas is dilated by the Heat, the Cavity 

grows bigger, ſo that the Liquor deſcends ; but 

"this Tie Hear being preſently communicated to it, it 

_ fbf 

| From the Expanſion. of . it is evident | 
bor that-the Particles of which Badies conſiſt, from the 

Aftion of the Fire, acquire a Force, by which 

they endeavour to fly from-each other, and which 

„ contrary to that Force by which the Parti- 
31 cles come to each other. As long as this laſt 
Force is ſtronger than the other, the Particles, 

cohere more or leſs, according to the different 

Degree of Heat. When tlie t Force is 

almoſt equal to the attractive, the Particles, 

which were before firmly join'd, ſcarcely cohere, 
yoo to any Impreſſion, and are eaſily moy'd- 
one among another ; whence we ſee that 4 So- 

C02 li Body is changed: into a by Heat, which 

may" be obſerv*d” in all s that are liquified 

by Heat, and return other firſt Sar upon the 
- Diminution of the Heat. It is a 

603 Whether all Fluidit is not outing to Heat? whiel; 

- cannot be d becauſe we know of no Bo- 

d chat is entirely without Fire in it; it is cer- 

x tain that Heat is not only the Cauſe of Fluidity 
mn Metals, Wax, and ſuch like Bodies, but that 
ſeveral Bodies, Which are commonly reckon'd 

Fluid, are only fo by reaſon of their Heat; thus 

604 Water is melted Ier 3 for when Part of the, Heat 

ofiche Water · is gone, it grows fix d. 7 

605 Heat may be iſo increas'd that in ſome Bo- 

dies: the attracting Force is overcome by the re- 

| elling Forcez in which Caſe the Particles ſſy 

1 each others? that id, "acquire an elaſtic 
i Force, as the Particles of Air: have“, which 
by. Elafticity is-incorgied evett in the Air by * 
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Book III. of Natural Philoſophy. ar 
We may obſerve this Effect in Smoke and Va- 
pours. | 


Experiment 3. Plate III. Fig. 2.] Take an hol- 
low Braſs Ball E, of about 4 Inches Diameter, 
with an Handle M; This Ball has a Pipe T with 

an Hole of hardly the twentieth Part of an Inch. 

Let this Ball be heated, and the Air in it will 
expand itſelf *- and come out thro* the Pipe; * 597 
then, immerging the Ball in cold Water, the 
Air will be again condens'd by the Cold, and 
the Water will go into the Ball, by the Preſſure 
of the Atmoſphere upon its Surface. | 

If this Ball, thus partly filled with Water, be 4 
laid upon the Fire, the Moment that the Water 
is chang'd into Vapours, thoſe Vapours will go 
out thro? T; bur if the Heat be increas'd, ſo as 
to make the Water boil violently, the Vapours, 
compreſs'd in the upper Part of the Ball, will by 
their Elaſticity, endeavour to recede from each 
other every Way, and ruſh violently our of the 
Pipe. Such an Inſtrument is call'd olipiis. 606 


Experiment 4.] The following Experiment 607 
2 a more ſenſible Effect of the Elaſticity of 

apours. * 1 

late III. Fig. 2.] Take the Ball E, which is 

alſo of 4 Inches Diameter, made of Braſs or 
Copper, but thicker than the former, and let 
it be placed upon a little light Cart, ſuch 
as is repreſented in the Figure. In its upper 
Part, it has a ſquare Pipe T. In the middle of 
this Pipe, there is a Separation, and the hind 
Part of the Pipe communicates with the Ball. 
There is an Hole of about 4+ of an Inch, in the 
middle of the Separation of the Pipe, which Pipe 
is open forwards. This Hole is ſhut up with a 
long Plate, that goes thro' two Holes in the 
190 * C 3 Sides 


22 Mathematical Elements Book III. 
Sides of the Pipe, and applies itſelf to the above- 
mention'd Separation. As the Plate is made 
Wedge-wiſe, if you ſtrike upon it with a Ham- 
mer, it will exactly ſhut the Hole. 

Take this Ball e ade Cart, and open the 
Hole, and, having heated the Ball, immerge it 
in Water, to let it be in Part fill'd, as in the laſt 
Experiment. Then, having ſhut the Hole, ſer 
the Ball —— till the Water boils 
violently ; and then if you make it faſt to the 
Cart, and-open the Hole, the Vapour will fly 
out violently one Way, and the Cart be carried 
with the Ball the contrary Way. 

cos The 2 _ —— compreſs'd, 
endeavours to recede every — . and 
therefore te Preſſures —— 
but when the Hole is . the Vapour, — 
goes out, does not therefore the Preſſure 
one Way being of, that which acts in a 
contrary ” Diredtion prevails, and the K's Is 
mov*d along. 
the Gun-powder, nw ſet on Fire, acquires an 
„ andits Parts endeavour to recede every 
Way: As the Pipe, or Caſe of it, is open at one 
End, it is leſs prefe'd that Way,and conſequently 
at theother End, the Preſſure prevails, rage”. 
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Such is a Beam of the Sun' s Light going thro? 
an Hole. 


Fire, as 1 been faid, is attracted by Bo- 

540 dies * re notable Effects of which Attraction 

may be obſerved-in the burning of Bodies; the 

611 are alſo ſenſible in Light; for when Light 2 

near Bodies, it is ud out of the ſtraii Nay; 
which may be diſtinctly perceivꝰd by the follow- 
| ing Experiment. 

1. Plate III. Fig. 4.] Take a little 
Board T-about 6 Inches long, and as high, with 
an Hollow cc in its Surface, in which two 
Plates of Steel ſlide, each of which has an Edge 
like a Knife; the two Edges may be brought 

together in the middle of the Board, and be 

join d together exactly. At the Place where 
they meet, there is a ſquare Hole in the Board, 
of almoſt an Inch, that a Beam of Light, let into 

2 a dark Room thro* an Hole of a Quarter of an 

nch in Diameter, may paſs thro? the ſaid ſquare 

Hole, ſo as to come to the Plates. 

„re Dinner betwren che ſaid. üges the 
of about the 10th Part of an Inch, and the Led 
be made to paſs between them, the Board 
ſet at the Diſtance of 3 Foot from the Window, 
if the Light falls upon the Paper A, at 5 Foot 
deyond the Board, there will appear, on each Side 

of the tranſmitted Beam, a Light like that of the 

Tail of a Comet; which proves that the Light 

ij inſſected as it paſſes by the Edges of the Er 
as is plain from the Figure. 

If you bring the Plates nearer (as for Exam» 

ple) within the hundreth Part of an Inch, in- 

lead af the Light above - mention'd, you will, 
on each Side of he Light of the Beam upon the 

Paper, ſce three colour d Fringes, parallel 2 che 

ges 
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Edges of the Plates; which will ſtill appear more 
diaet. if the Hole in the Window be made 
leſs. I ſhall hearafter explain whence theſe Co- 
lours ariſe, * Now it is enough to deduce from 
this Experiment, that Light is a/traed by Bodies 
that inflect its Rays; for if there was — a Mo- 
tion towards the Body, the whole Beam would 
have continu'd in its direct Motion. 

But the Aion of Bodies, by which they aft up- 612 
on the Light to attra#t it, exerts ſelf at a ſenſible 
Diſtance , as is plain from the — riment. 

2. Plate III. Be. 41. Every thing 
elſe being as in the former Experiment, if the 
Plates be brought nearer together within => 
Part of an Inch, no Light will appear upon the 
Paper between the Fringes above-mention'd 3 ſo 
that in this Caſe, all the Light, which paſſes be- 
tween the Edges, is inflected on either Side, fo 

as to produce the Fringes above-mention'd. 
Which plainly ſhews, that Steel acts upon Light 

at leaſt at the Diſtance of , Part of an Inch. 

It is alſo proved, that Tt Attion is increas'd 613 
as the Diſtance is diminiſÞ/d. | 


Experiment 3. Plate III. Fig. 4.] This being 
ſtill in the ſame Diſpoſition, leſſen the Diſtance 
between the Plates; and the Fringes will vaniſh 
ſucceſſively, till che Plates being join'd together, 
no Light paſſes between them. The Fringes, 
which 'vaniſh' firſt, are thoſe that are produced 
by the Rays which are leaſt inflefted ; and thoſe 
vaniſh laſt which are produced by the Rays that 
are moſt inflefted ; that is, when the Edges come 
towards one another, the Shadow between the 
Fringes, made by each Edge, is continually in- 


creas'd, till, at laſt, the whole Light on each \. 
'$ide vaniſhes, Whence it eh ollows, that 
Oo | {4 » 1 '% $-, +- (oF + - the 


Concerning phe Refrattion of Light and its 
II that gives Paſſage to Light, is call d a 
abs, Water,anda Vacuum itſelfare Mediums. 
When a Ray of Light goes out of one Medi- 
um into . — turn d out of the 
Dzrinrrion Hl. 
In order to produce | | 
be of different Denſities, and the Ray muſt make 
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Therefore, the Light, which comes between 
thoſe Lines, will be attrafted b 8 
At the Diſtance of the Line G H, only the ex- 
treme Parts of the Medium X act upon the Light: 
at a leſs Diſtance, both they and other Parts act 
ſo as to increaſe the attracting Force, when the 
Diſtance is diminiſh'd, as has been before ob- 
ſervedꝰ. In the denſer Medium X, let the Line 6:3 
IL be ſuppoſed at the ſame Diſtance from EF 
as GH is in the Medium Z. ar alas 54 
ter into the Medium X, and it will, on al 
be attracted by the Particles of 9 
whoſe — from the Light are leſs than 
the Diſtance between EF GH; for the 
Light is ſuppos'd to be attracted at that Diſtance 
by the Particles of the Medium X. 

As long as the Light is between the Lie 
EF and IL, the a Force is the ſtrongeſt 
towards I L, becauſe there are more Particles 
chat draw that Way; but as the Number of Par- 
ticles, that act the contrary Way, increaſes, that 
is, as the Diſtance from E F increaſes, the Force 
towards I L is diminiſh'd, till, in the very Line 
IL the Light be equally attracted eve ay; 
which alſo — every where in the Medium 
X, beyond 1 IL. 

Suppoſe a Ray of Light to come in the Line 
A a, and fall obliquely on theSurface, which di- 
vides the Mediums, or rather on the Surface 
G H, where the Action begins, by which the 
Light is driven towards the Medium X: When 
the Ray comes to a, it is tum'd out of the right 
Live, by the Forge by which it is attracted by 
the Medium X that is, by which it is driven to- 
wards it in a Direction perpendicular to its Sur- 
face, — = 1 
out of the right e as it 
is n e Lines G and I L., 3 

Mic 
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Therefore, the Light, which comes between 
thoſe Lines, will be attrafted by the Medium X. 
At the Diſtance of the Line G H, only the ex- 

treme Parts of the Medium & act upon the Light; 

at a leſs Diſtance, both they and other Parts act 

ſo as to increaſe the attracting Force, when the 
Diſtance is diminiſh'd, as has been before ob- 
ſerved®. In the denſer Medium X, let the Line 6:3 
IL be ſuppoſed at the ſame Diſtance from EF 

as GH is in the Medium Z, Let the Lighten- 

ter into the Medium X, and it will, on all Sides, 
be attracted by the Particles of the Medium, 
whoſe Diſtances from the Light are leſs than 
the Diſtance between EF GH; for the 
Light is ſuppos'd to be attracted at that Diſtance 
by the Particles of the Medium X. | 
As long as the Light is between the Lines 
EF and IL, the a ing Force is the ſtrongeſt 
towards I L, becauſe there are more Particles 
that draw that Way ; but as the Number of Par- 
ticles, that act the contrary Way, increaſes, that 
is, as the Diſtance. from E F increaſes, the Force 
towards I L js diminiſh'd, till, in the very Line 
I L the Light be equally attracted eve ay ; 
which alſo obtains every where in the Medium 


X, beyond I L. 

Suppoſe a Rep of Light to come in the Line 
A a, and fall obliquely on theSurface, which di- 
vides the Mediums, or rather on the Surface 
G H, where the Action begins, by which the 
Light is driven towards the Medium X: When 
the Ray comes to a, it is turn'd out of the right 
Line, by the Force by which it is attracted by 
the Medium X that is, by which it is driven to· 
wards it in a Direction perpendicular to its Sur- 
face, And, indeed, the Ray of Light is bent 
out of the right Line inevery Point, as as it 
8 between the Lines GH and IL, 


berween 
whic 
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which the faid Attraction acts; and therefore 
between thoſe Lines it deſcribes the Curve @ 6, 
® 208 in the ſame Manner that Projectiles move®. Be- 
ond the Line I L, the Action which bends the 
Ray ceaſes; therefore it goes on then in a right 
Line, according to the ireRtion of the Curve 
in the Point "ig 
The Diſtance, between the Line G H and 
I L, is very ſmall ; therefore, when we conſi- 
der Refraftivn, we take no notice of the bended 
Part of the Ray, which we look upon as if it 
was made up of two ſtrait Lines AC, C B, 
meeting at C, namely, on the Surface which 
* the Mediums. 1 add 
hro* C draw NC rpendi tot 
Surface of E F, * 


Drrixtrriox III. 
620 2 Part AC A en 


Ra). 


N Drrixirion IV. | + 
621 1 The ut + ACN is calld the ge lc 
„ 


| . DzriniTION. V. | 
ge! Pars C B is call'd the Refracted . 


622 


Pan rzon VI. 


623, The Angle B C M is call d be Angle of: Re- 
i ths Caſe, 
this Caſe, nnn a rare · inio 

624 4 denſ⸗ Medium, the Angle of 2 is leſs than 
| the Angle of \Incidence, by reaſon of the Inflexion 

of the Ray; for theſe Angles wou'd be equal, it the 
CB. ee move ſtrait on in the Line 

The Ray C B does alſo 8 

er- 
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Perpendicular C M and therefore be 3 
. * 

On the contrary, F . goes out a er 62 
into a rarer Median, it will recede 7 the Per- . 
pendicular, becauſe the denſer Medium attracts 
the Ray in the ſame Manner, whether it goes out 
of a rarer into a denſer, or out of a denſer into a 
rarer Medium. Therefore if B C be the Ray of 
Incidence, CA will be the refracted Ray; —4 is, 

Let the Ray come frum either Side, and it will move 626 
in the ſame Lines. Therefore, if there be to Rays, 627 
and one comes out of d denſer Medium into a rarer, 

and the other out of à rarer into @ denſer, and the. 
Angle of Refract ion f the one be equal ta the Angle 

of Incidence of the other, the two remaining Angles 

of Incidence , and Refradtion will be equa 10 each 
ober. 

Whence it follows, that The DireBion of the 628 
Ray is mot chang d, if it moves tbr a Medium ter- 
mined by two Surfaces, parallel ta each other ; for as, 
much as it is turn'd. towards any Side at its En- 
trance, ſo much exactly is it turn'd the other 
Way as it goes out of the ſaid Medium. 

Fa Ray falls perpendicularly on the Surface that 629 
ſeparates: tun Mediums, it will not be turn'd out of 
the right Line by the Attraction of the denſer 
Medium ; becauſe in that Caſe We the Di- 
rection of the Ray. 

Plate IV. Fg. 2. J, Toa confirm what we have 630 
ſaid by 1 take. a Trough or open 
Box P, about a Foot long, 4 Inches wide, and 

of the Its two Sides abc d, abe d, 
are Planes of Glaſs parallel tocach other, and this 
Box muſt; be fill'd. wich Water two Inches and 
half high. 
The e = be made in a dark 
Place; the Light muſt be let in thro? a Slit in the 
| moveable round Plate O, which is fix d Co A 
| I Win- 
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Window-ſhut, and is eaſily turn'd round, that 
the Slit may be inclin'd at Pleaſure : The Slit is 


- 4 Inches long and 3 Inch wide. 


The Light, that is let in, ftrikes the 
Looking- 85. and the Slit is ſo inclin d, and 
1 diſpoſed, that the Beam, that comes 

ro* the Slit, may be horizontally refleAed by by 
the Looking-Glaſs, the Beam being in a vertical 
Poſition, that it may go thro” a vertical Slit in 
the Board T, of the fame Dimenſions as that in 
the PhreO. This Board is us'd to diminiſh the 
83 of the Beam, which is continually in- 

* 
Sides of the Sun 


i! Things being dipos u, as we 
— ſaid in the crendcon of the Machine ; 
let the Beam fall on the Surface 
sbcd, and it icularly thro? the 
Water and the up opper Pr of the Trough, and 
not beturn'd out of the Way at all, either going 
in or coming out; which is confirm d what 


| WAA 629.) 


? 2 Now let the Bean fill ob 
cf Ss e at fg; the uppir Vit of 
the Beam wilt continue its Motion ftrait along 3 
but the lower Part of it, in the Water, will be 


bent toward , 7 e 


dent Ray chat goes into the Water at g; for 


uur; which confirms 4) "Y 
Experiment Rrery Thing be Lab hs 
Armor 1 Pry Th whic oth, goes 


out of Water into Air, is turn'd out of its Way 


fromwards the Perpendicular, and in ſuch Man- 
ner, as to move in the fame — gat 7 


- 
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on parallel to the Ray f þ continued : 
Sick confirms (N#. 625, 626, and 628.) 

In what has been ſaid hitherto, we have only 
conſider d the Attraction of the denſer Medium, 
| becauſe it wers z but we muſt not over- 
look the ARion of the rarer Medium, becauſe it 
diminiſhes the Action of the denſer, which Action 
becomes ſo much the leſs on the Rays of Light, 
a the Mediumedifferleſs in Denkty. Therefore 
there is no Refratlion tubere the Denſeties of Me- 631 
diums are equal ; and the Refraftion is greateſt 
where the Denſities of Mediums differ moſ} . | 

+ The Laws of Refraction are deduc'd from the 
Acceleration which the Attraction generates 3 
* be ern d. 


. aa) mito vil. 

The Space, terminated by the Planes Gal 

JL. is called the Space of Attraftion, 
Plate 4. Fig. 1.) The Attraction acts between 

the e e 6, Afr T2009 OLE hs 

3 2 a. —_— 44" © Gag 

tion of . pendicuar 1 6 
the e that ates the E 1 


to the Surface IL; e is as 
= at different Diſtances from the Surface“ But. 619 
is equal at equal Diflances, becauſe both Me- 
— ave ſuppoſed mee and alike in all 
their Parts. 
The Motion of the Ray 40 may de refolved 
into two other Motions, whcendig to the Di- 
rections A O and O Ce, of which che firſt is , 
parallel to che Surface E F, and the ſecond per- 
pendicular to that Surface: The Celerities of 
which Motion will be reſpectively proportional 
to thoſe Lines A Oand O ©, whiltt A C dense 
eie; of the Ray itfelf®! apt 192 


195 


— 


— 
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be Motion, according to the Direction AO, is not 
chang'd by the Attraction per pendi to the Surface 
IL, only the Motion according to O C is accelerated. 

Keeping the Line A C, that is the Celerity of 


the Ray, its Inclination may be chang'd, where- 
by alſo the Celerity in the Direction O C isalſo 
chang d 3 which Celerity wholly vaniſhes, if the 
Angle A a G be very ſmall. In which Caſe, if 
after Light has enter'd into a denſer Medium, 
its Motion be reſolv'd into two, ſo that the 
Direction of the one be dicular to the Sur- 
face I L, its Celerity muſt be wholly attributed 
to the Attraction ſo often mention'd. For, as it 


enters into the Space of Attraction, a Motion is 


* 
3 


14 


generated in that Direction ; and, as it goes thro? 
that Space, in which a new Action does every 
where act upon the Light in the ſame Direction, 
_ It is continually — 3 = 
every of Light thro! 

Space of Attraction; but it is different, according 
= the different Celerity with which Light comes 
dicular to the nes which N the 
ledium. 8 TI) 
If the Attraction was ache chro⸗ the whole 
Space of, Attraction, the Laws concerning the 
ſaid Attraction might be determin'd (as was ſaid 
& the enen of heavy Bodies after Ne 130.) 
8 ce rectangular Triangle P QR. 
(Plate IV. Hg. 3. eons in which the Lia rallel to 
the Baſe repreſent the Celerities, whilſt Portions 
of the Area of the Truagl>cepreſent qu + 
gone thro? OL 

But here we have always the ame Space.run 
thro', namely the Breadth 2 
traction, becauſe we only conſider the Motion 
which 1s . rpendicular to the Surface, Ws we 
Parates the Mediums ; therefore that 8 
always repreſented by equal Parts of the Area — 


the Triangle P QR. 3 


rin £&&.. tris A 


3285 3.5894 2 
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Part when the Celerity is equal to . The Light 
enters the Space of Attraction in the above-men- 
tion'd perpendicular Direction, that is, when an 
incident Ray makes a very ſmall Angle with the 
Surface that ſeparates the Mediums; 4 c in that 
Caſe will denote the Celerity acquir'd by the 
Attraction, and with which the Light goes out 
of the Space of Attraction. 

But if the Light goes t dicularly into the 
Space of Attraction'wi with the Celetity that is ex- 
prefs'd by Fg, it will go out of that Space with 
the Celerity i, ſuppoſing the Areas Pd c and 
Fgib equal to one another, as appears from 
what has been ſaid. - The Triangle P dc, Pf g. 
P ht are Similar, and therefore their Areas are to 
one another, a8 the Squares of the homologous 
Sides dc, Fg, bi; but the Sum of the Areas 
Pd c, Pf g, is equal to the Area Pi; (by reaſon 
of the equal Areas; P d c and fgib3;) therefore 
alſo the Sum of the Squares of the Lines 4 c and 
f g isequal to the Square of the Line hᷣ i; whence 
it follows, that wi 
tioned one may form a 
whoſe Hypothenuls will be h i. 


Triangle, 


33. 


the three Lines above- men- 


_ Therefore, In a refangular Triangle, one Side of 646 


which is the Celerity. with wobich 
Space of Attraion perpendicularly, 
Side the Celerity acquir*d in going thro that Space, 
when the with which the Light enters into 
it is equal 10 0 3 the 
will be the Celerity with which the Light goes perpen- 
dcularly out of the Space of Attrattion on the other 
Side : Which univerſally obtains, which way {0 


Laght enters the 


ever the Attraction is chang'd, in the Space of 


Attraction, according to the different Diſtance of 
the Planes that terminate that Space. Which to 
prove, 

Let us ſuppoſe the Spact 


0 1. II. D | * equal, 


and the otber 


Hypothenuſe of . the Trianglt _ 


of i," TER. to be ö 
divided into two Parts, whether equal or un- 
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equal, by a Plane parallel to the Surfaces with 
which it is terminated. Let us ſuppoſe beſides, 
that the Attraction is not the ſame in thoſe two 
— un tu that it does not vary in one of 
Parts are to be conſider'd as two 
: ferent Spaces of Attraction. Let A (Plate IV. 
Fig. 4.) be the Celerity which the Light ac- 
quires in going thro' the firſt Part of the Space, 
when it enters the Space with the Celerity O. 
Let B be the Celerity acquir' d in going thro? the 
ſecond Part of che $ Space, when the ſame Light 
enters that Part with the Celerity O. It is to be 
obſerv*d that this Demonſtration relates to the 
Motion, perpendicular to — Surface, which 
ſeparates the Mediums. 
Let the Light enter the belt part of the Scare 
above-menrtion'd with the Celerity O, it will come 
to the ſecond with the Celerity A; if therefore 
_ a Tight angled Triangle be form'd with the Sides 
A and B, the Hypothenuſe E D will expreſs the 
Celerity wich which the Light will go out of 
* 636 the Space of Attraction“. 

If the Light enters the ace of Attraction 
with the Celerity F G, let the lar Tri- 
unge H FG be draun wich the Sides of F G and 
A ; the Hypothenuſe H G will be the Celerity, 
wich which the Light goes out of the firſt Part of 
» 636 the Space of Attraction“, and enters into the ſe- 
cond; and if you draw the rectangular Triangle 
H whoſe P icular is equal to the 
Line B, you will have the Hypothenuſe I G to 
denote 'the Celerity with which the Light goes 
out, and continues its Motion after iChas run 

7 636 thro* the whole Space of Attraction. 
Now we muſt demonſtrate that the Celerity 
1 G is alfo the Hypothenuſe of the lar 
Triangle N M L, "whoſeSide ML is equal to the 
en F. 5 wendy * thoLight we the 
on: 722 
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Space of Attraction; and whoſe other Side L N 
is equal to the Line E D, which is the Celeri 
that the Light acquires in going throꝰ the wh 
Breadth of the Space of Attraction, when it has 
enter d it with the Celerity O; Which being alſo 
demonſtrated in that Caſe, in which two diffe- 
rent Forces of Attraction act, it is plain chat 
the Propoſition of Ne 636 is thereby prod. 

But it is plain from the Conſideration of the 

lar Triangles, that the Lines I G, and 

NM, are equal; The Square of the Line NW 
is equal to the Squares of the Lines NL and 
LM. or FG: NL is equal to the Line E D, 
whoſe is equal to the Squares of the Lines 
E C and C D, or of the Lines A and B, which 
are equal to F H and H I: therefore the Square 
of the Hypothenuſe N M is equal to the three 
Spuares of the Lines FG, F H, and HI. To 
which three Squares, the Square of the Lines GI 
is equal; as having been prov'd equal to the 
Squares of the Lines H Land H , which laſt 
is equal to che Squares of the Lines HF and ' 
Mg,Qo ks AD 0 C093 If ——_— 
If the Space of Attraction be divided into 
ever ſo many Spaces by plain parallel Surfaces, 
which terminate that Space, and the different 
Parts have different Forces of Attraction, the 
lame Demonſtration will ſerve ; and the Number 
of Diviſions may be made any how in inſinitum; 
_ _ obtains in — Refraction which 5 
ight ſuffers going out of any Medium into ano- 63 
ther of diff-rent Denſiry®:' 2 which -Refrafion 636 
therefore the Rule of Ne 636 may be applied. 

Plate IV. Fig 5.] Let Z be the rarer, and 
the denſer Medium, and let them be ſeparated 
by the Plane E F; let a Ray of Light A C fall 
cbliquely on the Surface E F; let AC denote 
de Celerity of —_ the Medium Z, 2 

2 et 
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let that Line A C be ſettled ; that is z let ĩt be 


36 


ter CA, draw Circle; 
drawn perpendicular to E F; from A, draw AO 

to N C, and A Qt EF. 

ive the Motion along A C re- 

along A O, and 
the Line 


1 


the 


= 


- 


| elericy v | 
the Medium X ſuppoſing the Cele- 
ht at n | 
"PE O 

AC. in the 

81 5 ng oft 
in he Divan GUN r! to 
— let 


VI. 


— « 
o 


Square of the:Line C B is Aug to the 
Squares of the Lines P C, COand AQ 5 2 


two laſt, if join'd; will 1 
Semidiamezer A C'or © equi 


s cr Z eee 
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to PN, whoſe Squate is alſo equal to the Squares 
of the Lines PC and CN, and which under- 


goes no Change from the different Inclination of 
the Ray AC. 

The Line C B does in T cut the Circle, which 
is deſcrib'd with the · Semidiameter C A ; from 
the Points B and T, draw B S and I R 
dicular to CM; by reaſon of the Smile r Fri. 
angles CBS, CTR, BC will be to T C or 
CA, asBStoT R'; which Lines therefore, by- 
reaſon that BC and C A are ſettled, will have 
the ſame Ratio to one another, whatever be the 
Angle of Incidence. T R is the-Sine of the 
Angle of Refraction T CR, and B S which is 

to CV, that is equal to A O, is the Sine 

of the Angle of Incidence A C O. 
| " Therefore, in every- Inclination of the Brida 639 
Ray, there is a ſettled and conſtant Ratio between 
the Sines of the Angles of Incidence and Refraction. 

Now fince BCand C A, which are as the 
Sines above · mention d, do alſo denote the Cele- 
rities of the Light in the Mediums X and Z, it 
follows that thoſe Sines are inverſly, as the ca. 
ler in the Mediums. 

If the Medium Z be Air, and K Water, the 64 2 
aforeſaid Sines are as 4 to 3 and the Celerity of 
the Light in Air to its in Water, as 3 
to 4. But if Z being ſtill taken for Air, X be 
Glaſs, the Sines will be as 17 to 11. One Ex- 
periment determines this for all Mediums. 

The Ratio between the Sines of any Angles is 641 
the inverſe Ratio of the Secants of the Comple- 
ments, as It ap in this Figure, Coppolingia 
Circle drawn with the Semidiameter C Qor CV; 
for then A C (which is equal to C T) and CB 
vill be che Secants of the Angle A C O⁹²ùnd 
8CV Co to the Angles of Incidence 
nd Refraction, and inverſiy, as B 8 (which is 

D 3 equal 
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the Board 7. 
4 Take a Trough P, nearly of the came Size as 


_  » the little Side a And let it be half fill d 


* 
»- 


Beam, which is refracted in the Water, 
long gi, and ſtrilces againſt 


err which are the Sines 
dence and Refraction in the greater 


| ** this Proponticn of the Secants gives us 
a Method of eaſily reducing Were 
1 0 of ak 0399 Prot 1 


IV. "Plate IV. Fe. 6.] 1 this Ex- 
iment the Light is to be let into the dark 
mber thro? a — in the ſame Manner as 
in the former ments, and by means of a 


Looking-Glaſs thro' the —.— Slit in 


that which was us'd in the former Experiments, 
but which has only one End of Glaſs, namely, 


with Water. 

The vertical Beam of Light being made to 
fall obliquely on the Glaſs End of the Trough, 
b Part of it, which is above the Water,and 

directly forwards, and at & falls upon one of the 
long Sides of the Trough ; but that Part of the 

oes a- 
e 
at i. tever w 

Beam makes with the End or Side @bc4, the 
Lines F h and gi will always be to each other, 
253 to 4; as, is, very eaſily ſhewn in ſeveral In- 
clinations, if you have two Scales, each with 
ſmall Diviſions on them; which Diviſions in the 
one muſt, be to the Diviſions in the other, as 3 
0:42) For the Line gi will always con- 
; tain as many of the great Diviſions, as the leſſer 
ine £5 will, contain of the ſmall ones. The 
Angle, which | f makes with the Plane 4 bc 4, 
elne 


7 {; ” - __ ſr 
q 97! 4 % 2 22 * 9 w +7 $4 21 * 13 .. ile 
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a right Angle; and the Angle made by the, Line 
gi with the ſame Plane is the Complement of the 
Angle of Refraction to a right Angle; therefore 
gh and g i are the Secants of the Complements 
of the Angles of Incidence and Refraction, which 
have a conſtant Ratio to one another, as was to 
be confirm'd by this Experiment. | 
We have hitherto confider'd a Ray of Light 642 
going out of a rarer jnta a denſer Medium, but 
the Game conſtant Proportion of the Sines men- 
tion'd, Ne 639, holds good alſo in 8 
a Motion of the Rays; the Angles A CN, MC 
(F400 IV. Fig. 5.) are not chang'd, whether the 


8 ncident Ray be A Cor BC. In that Caſe, if « 626 

55 B C be the Celerity of the incident Ray, C A 

[2 will be the Celerity of the refracted Ray; for 
the Motion of the Ray, going out of X into 

| Z, is retarded in the fame Manner by the At- 

to traction towards the Medium X, as it is accelera- 

h, ted in the contrary Motion. — 

e | 

_ 

* 5 CHAP VI. 

the W Of the Refraction of Light, when Mediums 

oe | are a 2 Surface. 

75 Dzrin1T10n I. 

with Ays proceeding from the ſame Point, as @ 643 

the NK Center, and continually receding from each o- 

. ſber, are ſaid to be divergent. % 

Lefſer 3 

The DzriniTion II. 


Thoſe diverge more, which make 4 greater 644 
Angle with each other. | | 


D 4 Der- 


* : 
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- Diirerrion n.. | — 
which t droergent 

the Radiant 2 PT: 
arverge, ſuppoſing them at 


| 2 Pine, 
as is call 
646 The more- the. Rays 
equal Bause, from each other, be leſs is the 
647 radiegs Point ofa from tees: 4 
2 the Rays are often mov'd by Refraction, 
eee = oth - 

Set really from ſuch a Point; that is, 
7 the Rays Gould de continued or produced 
"he "Way Trem whence they come, they 
one Pom.” In that Cafe 25 


2 Ar ron ry. a v. 
* 8 "Rays w ee. or ronld concur 
T5 
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5 wy Th A LEY AN | 
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a our of 7 ay ore 
| . Concourſe) would have concurred, con. 
133 * ee Focm. Which 
dna d chat Point from which 
2 Rays are conceived ro flow 
# 67 Which do rn. radiant Point“. 
eondenge, ſuppoſing their Di 
652 Hance from ach other to be the ſame, the leſs Diftance 
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N parallel Rays paſs out of any Medium into a- 


nother of different Denſity, they will alſo be parallel 
after Refrathon : Becauſe they are all equally in- 


flefted ; for in all this Chapter, we i of 


Mediums ſeparated by a Plain Surface. 

Let X and Z be ito Mediums, the laſt more 
rare, and the other more denſe, ſeparated by the 
Plane ES, (Plate V. Hg. 1.) from the Point R C, 
er there proceed the divergent Rays PC, Ro,Rn, 
and enter into the denſer Medium : Let one of them 
be R C, perpendicular 'to the Surface ES; this 
laſt is not turn'd our of the Way“, bur con- 
tinues its Motion along CG. The Rays R o, 
Ry, are refracted bow. Perperdiculart, which 
are conceiv'd to fall upon the Surface E S in the 
Points o and *. Theſe ben are mov'd in the den- 
fer Medium, as if they all proceeded from the imayi- 
nary Focus r, which is farther diſtant from the Sur- 
face than R, if the Rays are not too much ſeattered ; 
which yet is not to be underſtood athemati- 
— for, by a Point, we underſtand a ſmall 
ce, ſuch, as is otherwiſe call'd a Phyſical 
oint. 

To demonſtrate this Propoſition, we muſt 
conſider, that the Angle Ro C, is the Comple- 
ment of the Angle of Incidence to a right An- 
gle; and that the Angle 7 0 C is alſo the Com- 
To of the Angle of Refraction to a right 

Angle ; and therefore that the Lines Ro, 1 o, are 
the Secants of the Complements of the Angles 
of Incidence and Refradhion, ſuppoſin oe” 4 
midiameter to be o C; between whic 
A is a conftant Proportion ®. In the be nat 
ce * Ro and R C, as alſo roand ry C, 


o not ſenſibly differ, and between R C 
C, the Ratio is always conſtant; that is, 


7 is fixed as well as R, tho? the n 
ay 
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Ray be chang'd : And therefore R » is re- 
fracted alongnA, as if it had proceeded from r. 
655 If the Rays are too much diſpers'd, this Demon- 
ſtration will not ſerve, and the Place of Con- 
courſe 1 cannot be taken for a Point: In this 
Caſe à little Circle muſt be imagin'd there, into 
which all the Rays concur, which will be the greater, 
oy gn the Angle is that the divergent Rays 
make. 
If ſome Rays, proceeding from R, are not too 
much diſperſed, but fall very obliquely on the Surface 
ES, they will berefrafied, as if they procteded from 
a Point not very remote. from the Point r : As is 
plain from what has been ſaid. 
657 The Rays, ſuch as An, B o, G C, which come 
converging from a denſer Medium X into a rarer Z, 
concur ſooner than they wou'd do, if they ſhou'd 
625 continue their Motion in a denſer Medium “, 
that is, become more convergent, and the real Fo- 
cus is leſs diſtant than the imaginary one. In 
this Figure, the imaginary Focus is 7, and the 
625 real Focus R *. This Propoſition therefore is 
properly the Inverſe of the Propoſition of N® 654. 
* 626 and therefore * both are prov'd by the ſame Ex- 
periment. | | 


iment 1. Plate V. Fig. 2.] Thro' the Ball 
+ G, which is moveable in the Window-ſhut, and 
has an Hole going thro? the Middle of it, let a 
cylindric Beam of the Sun come into the dark 
Room, and be reflected horizontally by the Ldok- 
ing-Glaſs S; let it then go through the Con- 
vex Lens of Glaſs that is fix'd in the Board or 
Stand T, and the Rays will meet together at R, 
and beyond R will move as if they proceeded 
from or 
Point. 


656 


p . — 


Point; which therefore is the radiant 
ps ö 
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Convex Lenſes of Glaſs are very common ; we 
ſhall hereafter mention their Properties“, it be- 
ing needleſs to do it in this Place: Now we 
only want a radiant Point, and it is enough to 
ſhew how to make it. 

Take a Trough Box P, whoſe Side 2 h c d is 
of Glaſs, and let it be fill'd with Water: The 
Rays, which diverge from the Point R, become 
leſs diverging when they go into the Water. 

When convergent Rays as H D, I, L (Plate 
V. Fig 1.) having their imaginary Focus at f, go 
from the rarer Medium Z into a denſer X, they be- 
come leſs convergent*, and concur in the Focus F, 
which is more diſtant from the Surface E S “, 
as appears by applying here the Demonſtration 
given in No. 654. | 

Rays proceeding from the Point F, and going out 
of a denſer Medium into @ rarer, become more di- 
verging, and move as if they came from /, which 
Propoſition is the Inverſe of the foregoing, and 
is confirm'd by the ſame Experiment *. 


ment 2. Plate V. Fig. 3. ] Take the ſame 
Box B, as was uſed in the former Experiment; 
but here let in two Beams of the Sun into the 
dark Room thro* two Holes in the moveable 
Plate in the Window-ſhut ; let chem be both 
refleted horizontally, and tranſmitted thro* fi- 
milar convex Lenſes ; thereby the Rays of the 
Beams will become convergent, having their Fo- 
cusꝰs at the ſame Diſtance ; but if the converging 
Rays are made to run into the Water in the Box 
thro? the Side. ab c d, they will be collected at a 
greater Diſtance ; which will plainly appear by 
comporing mgerver the Situation ot the Poin 

F in the Air, and F in the Water. 
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Plate VI. Ex Li X and 2 be Me- 


diums differing in Den- 

ſity, che laſt the rarer, and the firſt dener; 
let them be ſeparated by the ſpherical Surface 
ES, whole Center ac and whe Convexity 
is towards the rarer Medium. 
— To by examining the moſt ſimple Caſe ; 
* a Raye as BO and Az, go- 
| Ing out a rarer into @ denſer Medium, and falling 
> upon 4 convex Surface, ſuch as we have juſt de- 
. ſcrib'd; let one of them be B O, which, being 

- continu'd, goes N the Center, and falls per- 
icularly upon. the Surface ES; and there- 

9. 629 tet &f the 1 ghe Line ©, All 
. the Rays, which are not 100 en from that Ray, 
come nearer to it by the Refraction of the den- 

fer Medium, and are collected into one Point F: 

As for Example; Let An be a Ray which is 
refracted along » F; thro” the Point » draw to 

the Center C the Scmidiameter C, and let it 


be continu'd to p; 2s: this Line is | 
to the Surface which ſeparates ED dans, 


the & of Incidence is A 1p, which is equal 
to the les CO; the of Refraction is 
CF. it the Arc O be a very ſmall one, 
theſe are as. their Sines, whoſe Ratio is 


» 6., conltant*. - Therefore theſe Angles = C O and 
639 x P are increasd and diminifh'd in the fame 
| | Ritio, a as their Difference, which the An- 

ge FO, which conſequently follows the Pro- 
7 r whith is the Meaſure 
| * * 
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does not exceed 15 the Angle a FO 
is increaſed and diminiſhed ſenſibly in the ſame 
Ratio, as: the ſaid Arc; and therefore all the 
Rays, between An and B O, do by their Re- 
fraction „ ed d the Point F. 


Euparigient 1. Plate VI. Fig. 2 Let a cylin· 
die Nemef de Bun, of an Inc in diameter, 
made up of innumerable parallel Rays (which are 
ſo on account of the Sun's immenſe diſtance) be 
let into the dark Room, as in the firſt Experi- 
ment of the foregoing Suter. and be reflected 
horizontally by the Locking - glaſs 8s. 

Fill with "Water the Trough » Which is about 
3 Inches high, and as wide, and one Foot long; 
let it have a Glaſs V made faſt in one of its Sides; 
this Glaſs' muſt be a Portion of a Sphere, thin, 
and every where of the ſame thickneſs, ſuch as 
the Cryſtal of a Pocket Watch. 

' The convex Part of the Glaſs V muſt be out- 
wards, that the Water next to it in the Trough 
may put on a ſpherical Surface ; if the Rays a- 
bove-mention'd: go into the Trough thro' this 
Glaſs, becauſe the Glaſs is thin, and has its Sur- 
faces parallel, there is no ſenſible Change in the 
Motion of the Light by the Refraction of the 
Glaſs, and the t enters into the Water in the 
ſame manner as if there was no Glaſs; let the 
Trough be ſo diſpos'd, that one of the Rays may 
paſs thro* the Center of the ſpherical Surface, and 
the others will come nearcr and nearer to it, and 
Fla VI: By, 5.) Again, let K be de denſer 

* * | 
Medium, and Z * rarer, and let them be ſepa · 
rated by the ſpherical Surface E S,. whoſe Center 
is at C, and whoſe Convexity is towards the rarer 
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Medium : From the 8 Point R let Rays mY 661 


7 


46 
face above- mention d; ſo that of thoſe Rays, that 


Mathematical Elements Book III. 
ceed, and enter into the denſer Medium thro” the Sur- 


which is expreſs'd by RO, being continu'd, may 
paſs thro* the Center; this Ray is not refracted as 
it goes into the Water, and all the reſt of the Rays 
come towards it by the Refraction, and when they 
are not too divergent are collected into one Point as F, 
in the ſame manner as was ſaid of parallel Rays, 
with this difference, that the Focus F in that Caſe 
is more diſtant. The ſame Demonſtration will al- 
ſo ſerve here as relates to parallel Rays, which is 
built upon this Foundation, that the Angle of the 
Incidence increaſes in the ſame Ratio as the Arc 
# O, which does alſo obtain here, when the ſaid 
Arc does not exceed 15 Degrees. Let R be a 
Ray of Light, and from the Center C thro* » 
draw Cp; the Angle Rp will be the A 

of Incidence; let it — inro-dwo; Part 
the Line » q, parallel to the Line ROC; the 
Part pnq is equal to the Angle » CO, which is 
meaſur*d by the Arc 2 O, and which therefore 
follows the ſame Proportion as that Arc; and 
which alſo the Angle RO (if it be very ſmall) 
does follow, and is to the ſecond Part of 
the Angle of Incidence, which alſo does wholly 
increaſe and diminiſh in the fame Ratio as the 
Arc 20; for the Ratio which holds in 
of Part, taken fingly, wall eue yr in re- 
ſpect of the whole. 


66 The ſame Demonſtration may be ap lied to 


any diverging or converging Rays, which in any 
Caſe are refracted in paſſing thro? a ſpherical Sur- 
face, and which (as appears by this Demoaſtra- 
thou) rung they diverge but little, have _ 

ocus or e or run parallel. It is 


er _ Nr N 


The 
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The Focus F of the Rays that come from R, goes 663 
. farther off when R is brought nearer; and ſo on the 
contrary. For the radiant Point being brought 
nearer, if the Point 2 remains the ſame, the An- 
le of Incidence is increaſed; and as it increaſes, 
o does alſo the Angle of Refraction Fn C, and 
F interſects R C at a greater diſtance. 


Experiment 2. Plate VI. Fig. 4.) This Experi- 
ment differs from the foregoing only it this} Tha 
a cylindric Beam of the Sun reflected horizontal- 
ly, muſt be tranſmitted thro' the convex Lens in 
the Board T, as was done in the Experiments of 
the foregoing Chapters, to form the radiant Point 
R, from which the Rays, going forward, diver- 
ging, are collected in the Water at a greater di- 
ſtance than if they had been parallel. 

As you move the Board T, the Point R alſo 
changes its place; if this Point is farther off 
from the Surface that ſeparates the Mediums, F 
falls nearer to it; on the contrary, if R be nearer, 
F is farther off. ö 

The radiant Point may be brought ſo near to the 664 
Surface above-mention*d, that the Focus will re- 
cede to an infinite diſtance; that is, that the re- 
frafited Rays will run parallel. 


Experiment 3. Plate VI. Fig. 5.] Things being 
diſpos'd as in the former Experiment, by remo- 
ving the Board T, let R be brought nearer to the 
Trough, and it may eaſily be fo diſpos'd as to 
make the refracted Rays become | 
Experiment 4. Plate VII. Fig. 1.] Now if the 66 

Experiment be repeated, "bringing ' nearer to the 7. 
Trough the radiant Point R, the refrafied Rays 

will become divergent, but they will diverge 3 
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If the radiant Point be brought nearer, the re- 671 + 
frafled Rays will diverge 3 they will drverge leſs. 
than the incident Rays, if the radiant Point be 
more diſtant from the Surface than the Center. 667 
But if tbe radiant Point be between the Surface 672 
ind the Center, the refratted Rays will be more © 
1 e l 2 
If the Rays are convergent, they become more con- 073 
dergent in every Caſe, which follows from the R- 
fraction being made fromwards the Perpendicu- 
bit, and which may be alſo deduc'd from Ne.“ 625 
65. | 3 . 
Plate VII. Fig. 3.] Let us again Juppeſe the Rays. 674 
to go out of the rarer Medium £ into the denſer X, 
and that the Hollow or Concave of the ſpherical 
Surface E S, which ſeparates the Mediums, is to= 
wards the rarer Medium. If the Rays be parallel, 
as BO, An, BO, which goes thro? the Center 
C of the Surface ES, will not be refracted; but 
An is refracted towards the Perpendicular Cp _ 
along 1 G, and, being continued towards Z, 624 
interſects B CO atf, which is alſo true in reſpect 
of the Rays between BO and A n* ; thoſe Rays 662 
therefore become divergent, having their imaginary _ 
Focus f in the rarer Medium. | | 


Experiment 6. Plate VII. Fig. 4.) This Experi- 
ment differs from the firſt, of this Chapter, only 
in this, that the Glaſs V has its Concavity to- 
wards the Air, the Trough P being in all other 
Reſpects the ſame; in this Caſe the Rays of the 
cylindric- Beam diverge in the Water. | 

If Rays come from a radiant Point in C B, which 675 
5 beyond C (Plate VII. Fig. 3.) the Angle of In- © 
cidence A C is diminiſh'd, and therefore alſo 
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* 6467 j Fokus F coma eater to C®'; till by 

- the radiant Point coming nearer, at - it co- 
 ifitides wich che ' imaginary Focus a for in 
that Caſe the Rays e Refraction ®.. 

"If the radiant elne comes tiearer between C 
and O, Focus & farther from O 
than the radiant Point, for it is always between 
chat Point and C, by reafoh'of the Angles of Re- 
* os fraction Being! leſs i thoſe of Incidence®. : 


| 8 2 
Eee + T rie beg tl fore 
5 | pre uit the Board, with the Con- 
in it, To 1 iant Point, the Ex: 


dhe theſe” Propoſicions may be 


the Rays are converging, and the Point of Con- 

wy a he in the denſer © Mediums, near the Surface 

which” ſeparates the Medium, the refraied Rays 
will alfo berge, bur lofi Iban the incident Rays. 

\678 If che imaginary Fotus of the incident Rays re- 

eedes more and more from O, that is, 92 


. 5, the raste R y wil oc els; 
>" Bn. Bu rok ee Fs, 


FF 
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199 ater I ay 

* mention d may 
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And they diverge ftill more and more, as the radi- 682 

=_ Point is brougbi nearer ®. © 2678 

onverging Rays,  wbich td to the” mw of 68 

the Eg Surface, undergo no Change ty 
If they converge more or leſs, the — Fo- 684 

tus of the intident Rays is ths Betebeen ths Cen- 

ter of the Surface, which ſeparutes' the Mediteis, 685 

and the Focus of the reftatied Rays, '* whith 525 

receds in r 0 . bo make the n 

Rays become parallel. . 
We have hitherto confider' ſuch Rays wht 

but little inclin'd to the Surface which ſeparates 

the Mediums z for we have mention'd fuck in- 

cident Rays as diverge but little, and one of 

which is perpendicular to the Surface that ſe: 

parates the _ The } | s Bold 686 

good in oblique yet in that Caſe all the Rayz 

are infected, 4 does not happen ſo in d 

ones; for the Ray Which is perpendicular to 

the Surface is nbt inflected. * Oblia ve Rays 


alſo undergo 4 ter Reffuction, A 

u ade e 70 or from 8 687 
than direct ones, Tuppoſing the eee 

the fame. 

Plate VIII. B. $1 Let Z bea aber, and X'4 
denſer Medium, E S the Surface ſeparating the 
Mediums, and having its Center at C; and the 
paring Rays A n, e come —— at F. 

he Rays . rom che radiant oint 
book big =O o Id WR ALL 2 

" Plare VIII. Ng s.] If the Surface be ria 7 
as to Have its Co towards the rarer Me- 
dium, the parallel Rays A and Bm will have 
their imaginary Focus at /; bur its Diſtance from 
the Surface E 8, as alſo that of the above · Meri 
tiom d Loc Fand Fin we F. is a than 
che Rays were dect. 8 
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688 All the Points of a lucid Body are radiant Points, 
| Aud have each their particular Focus, which ſerves 
| do explain the following Experiment, made to 

confirm = Rays. 


4 9. Plate vin. Fig. g.] Take the 

| = 2d Trough, P mention'd in the firſt | ay and 
Fl it witch Water; let the Glaſs V be all cover'd, 

but a circular Parti in the Middle of about half 

an Inch; have in the Trough a moveable white 

Plane T. If the Candle A be ſer at the Diſtance 

of 3 or 4 Foot from the Trough, let the Plane 

I de mov'd backward and ferward in the Water, 

and when it is come to the Diſtance of the Foci 

of the Flame A, that Flame will appear exactly 

- : > repreſented. on that Plane, all the Foci forming 

a Picture. And this holds good, whether the 

Nays from the Candle fall obliquely or directly 

the Glaſs. V, only that when the Rays are 


ing the ſame) the Diſtance of the Plane I from 
V.muſt be leis. In this Caſe alſo the Candle and 
the Glaſs V will not he in the ſame right Line 
* Repreſentation of it, as it happens when 
\ the Rays are direct, by which Fetten of 
b. 686. is confirm'd. 
689. de Candle is Peprofented amid, becauſe the 
Rays, which; proceed from different Points, in- 
ſect one another as they go thro* V, as may 
plainly ſeen by looking a at the firlt Figure, 
For which Reaſon; if there are two Candles, as 
A—_ the Repreſentation of the laſt EW 
De IIe r muib 
All. the Changes tbut happen in Light, which we 
630, e Notice of in this Chapter, are / 
much the more ſenſible, as the Surface ſeparating 
the Mediums is more curve 3 chat is, 4 Parts 4 


leſſer Sphere. 
-1 d 4 CHAP, 


6 
C 


que (the Diſtance of the Candle A remain - 
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Concerning the Motion of Light tbro a more 
denſe Medium. Where we ſhall take no- 
| tice of the Properties of Lenſes. 


THE Uſe of Glaſſes is common, they are 691 

more denſe than Air, and the Rays out of 
Air paſs thro? the Glaſs into Air again. Accord- 
ing to the ſeveral Surfaces that. terminate the 
Glaſs, Light undergoes different Changes as it 
moves in it; which to determine, the Glaſſes, | 
or any Mediums encompaſs'd with a- rarer Me- 
dium, and terminated with different Surfaces, 
muſt be examin'd. If we conſider only plane and 
ſpherical Surfaces, there are fix Sorts. © | 

The Medium may be plane or flat on both 

Sides. 2. Plane on the one Side and convex on 
the other. 3. Convex on both Sides. 4. Plane 
on one Side and concave on the other. 5. Con- 
cave on both Sides. 6. Laſtly, It may be ter- 
minated with a concave Surface on one Side, and 
a convex one on the other, | * 5 


Derryrrron l. 

If the Glaſs be made uſe of, and is not very 692 
thick, Glaſſes, whoſe Figure is mention'd in the 
laſt five Caſes, are call'd Lenſes Ga,. 

In the ſecond and third Caſe, a is faid 
to be convex; and if we diſtinguiſh thoſe two 
Caſes, - in the ſecond it is call'd p/ano-convex. 
And ſo in the fourth Caſe, it is faid to be plane- 
concave; tho' both this Caſe, and the fifth, 18 
generally referr'd to concave Lenſes. But a 
concavo-convex Lens is referr'd to the concave 
or convex Lenſes; according as the one or the 
other Surface is 5" 3 and that is fad 
We 3 3 
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to be predominant which is moſt curve ; that 

is, which is a Partjon of a leſs Sphere. 
DEI 1A. II. 1 

In every Lens, or Medium, terminated in any 

” above deſcribed, a right Line, which is 

cular ta the two Surfaces, is call'd the 

Axis. When both Surfaces are ſpherical, the 

On thro? wa op Centers Ao wats of 

m plane, it falls perpendicularly upon 

that, and goes thro* the Center of the other, 

694 In the Paſſage of Light thro? a Medium, ter- 

minated by twe Surfaces, ihe Diractian of 

n , which is the Cale in 

6og Ii the Property of all Sorts. of convex Lanes, 

Nee thro* them are in- 


that the Rays in their Pg 
flefied towards one another ; ſe much the more, as 


696 the Comvextly is greater. 
the Rays are defleted from one anther, according 
as ibe Concavii is greater, For the Direction of 

694 the Rays thro a plane Glaſs is not changed ; * 
but, by inſlecting one or both Surfaces, another 

Direction is gives to the Rays: There are more 

inflected towards the Axis of the Lens, by reaſon 

of the Convexity of the Surface of the Glaſs, and, 
by making the urface concave, they are deflected 
from the Axis; avis plain ineyery Caſe, by com- 
paring the Inffection in the plane Surface that is 
perpendicular to the Axis, with the Inflection in 
the ſpherical Surface at any Diſtance from the Ax- 
8 the Difference of their Inflections, that is, 
Change of the Direction of the Rays, in- 


and it ig to he qbſery'd in Wer Direction of the 
Rays, as well in oblique Rays, as in direct; but 
ee are greater in get Rays, becauſe 
the. Angles af Incidenee are greater; from which 


697 W gelue the following Properties of Tf 
| 03 4 That 


CG * 


ſo cancave ones, that 


cteaſes, as. their Diſtance from the Axes, does; 


. 
* 


2 
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That parallel Roy by paſſing tbr a convex 698 


Lens, concur in a 
That diverging | Rays either diverge leſs, or run 699 
pdrallel, or laſtly, corrverge ; in which Caſe, the ra- 
An Point receding, the Focus comes nearer, and ſo 
on the contrary ; But this is the Caſe when the ra- 
diant Point is farther diſtant from the Lens than. 
the Focus of parallel 17 

Laſtly, that conv Rays canverge more when: 700 
the Light emerges out p Lens. 

* ſame things are obſervable in oblique Rays, con- 70¹ 

3 it is to be m_— that the Diſtances of 
of the emerging Rays are leſs than in the di- 
te Fo } the other Changes more ſenſible *, * 697 

All theſe ſame things may be deduc'd from ex- 
amining the double Refraction in the Entrance 
and Emerſion of Light; and this double Retra-, 
ction is viſible in every Caſe, by the following 
Experiments; by which the aforeſaid Properties 
of convex Lenſes are confirm'd. 

Plate VIII. Fig, 4.] Take ſeveral Boxes like P. 
with Water in Fehl and thro' which Light is 
tranſmitted thro? the Glaſſes V and V, — 5 are 
placed in the oppoſite ſides of the Box, and are 
diſtant, from one another about one Inch; theſe 
Glaſſes are thin. In the Box, which repreſents a 
cbhvex Lens, on each ſide there is placed one, 
Ike that of the firſt Experiment of the former. 
Chapter, which are ſo d iFpaſed as to have their 
Convexities without the Box; when a plans con- 
vex Lens is to be repreſented, on one ſide there is 
a plane Glaſs; a concavo-convex Lens is repre- 

, ſented by two ſpherical Glaſſes, that are Portions 

of different Spheres, and the Convexity of te 
Portion of the greater Sphere muſt be turn'd to- 
wards the inſide of the Box. | | 
a the Li High ht paſſes thro' theſe Boxes, the 
Ganges of the ight arg Lag to the Eye in 
its 
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its Entrance into, and Emerſion out of a denſer 
Medium, and by the Aſſiſtance of theſe, all things 


— do convex Lenſes are r demon- 
* n +6 


11. Let Pbe one of the fore 
Wee Boxes, with the ſpherical Glaſſes V, V, 
the Convexities being placed outwards ; let it be 


-6IPd with Water; in a dark Room let a cylin- 


dric Beam of the Sun be horizontally reflected 


from the Looking-glafs S; let this Beam enter 


the Box; the parallel Rays, of which it is form'd, 


will be inflefted towards one another, and will 
© "converge 3 at their Emerſion on the other ſide 
© they will converge more, and concur in F. Ex- 


periments may be made of * nr Rays, 


_ - which diverge or converge, by uſing the Board 
With the convex Lens, Ain t xe Experiments of 


the former Chapter. 
Every Point of a lucid Body, as was ſaid be- 


® 688 fore, is a radjant Point,“ and being placed at a 


due diſtance from a convex Lens, cyery one has 


8 


1 
1 18 14 d 5 Lo 2344 $25.44 & 


— Let a2 . ted Candle be re- 
mov id from 7 ond the Focus of 
leRays ;" at the oppoſite Part of the Lens, 
z white Plane, by the Foci of the Points 
the Flame, it will be repreſented ; and this 
| Repreſentation will be inverted, by reaſon of the 
1 tr Puig: thro? the 


u 


703 "Convex Lene are alſo burning Glaſſes, becauſe 
rn which, upon 


" the” accoune*of the immenſe Diſtance of the 
Sum, are eftecm'd ag parallel; but Rays united 
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Diverging Rays diverge the more. 705 # 
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ſon of the Motion of the Fire according to va- 
rious Directions) do burn vehemently. 


Experiment 3.] Take a convex Lens of any 
Magnitude, let it be ſo expoſed to the Rays of 
chil es: that the Axis of the Lens may be in the 
Direction of the Rays; if any combuſtible Body 
be placed in the Focus of the Sun's Rays, it will 
burn. 

When, by reaſon of the Magnitude of the 
Lens, the Rays are not exactly enough collected, 
before they come to the Focus, they mult be 
tranſmitted thro? another - convex Lens that is 
leſs, by which they will be reduc'd into a ſmaller 
Compaſs, ſo as to burn more violently. 

As for concave Lenſes, and their Properties, 
oy may be eaſily deduc'd from * what has been * 696 
faid. 14 8 * | 


Parallel Rays become diverging, by paſſing thro a 704 


1 Converging Rays either converge the leſs, or become 706 
parallel, or (as it happens in ſuch as converge leſs) 
gs out from the Lens diverging. . 


All which things happen to oblique as well as 70 | 
7 


direct Rays, but more ſenſibly in the firſt; * 
Plate IX. Fig. 1.] Boxes, to repreſent the Ef- os 
fects of concave Lenſes, are e in the ſame 
manner as thoſe that repreſent the Effects of con- 
vex ones, “ the difference is only in the Poſition of 570 
the Glaſſes; in the firſt Box the Concavities of 
the two ſpherical Glaſſes V, V, are outwards; in 
the ſecond, inſtead of one of thoſe Glaſſes, you 
have a plane Glaſs; in the third you have two 
| ſpherical Glaſſes, but Sections of different Spheres ; 
the Section of the greater Sphere has 1ts/Conve- 
xity outwards, and the other its Convexity in- 


wards, | 
Expe- 


= 
— —— NE Os. —— — — 
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ee 4.] Parallel Rays of the Sun, re- 
horizontally in a dark Chamber by the 
Looking-glaſs S, muſt be tranſmitted thro" the' 
Box P, which is full of Water, and repreſents a 
Lens concave on both ſides; as they go into the 
Box they will begin to diverge, and as they go 
out they 7 will di more. { 

The remaining riments, relating to con- 
cave Lenſes, are made in the ſame manner as has 


been ſaid i reſpeſt of convex Lenſes. 


RY — iy i uſ, 5 
Of Vi d all beat of the Male 
— . of the Ma 


HE Pre and Laws of the Refraction 
IF of 72 that we have ex 1 are of 
2 — ſe in repreſenting Objects to our 

I 
By theſe-Laws, the Objects are beautifully 
painted i in their Prop r Colours in the bottom of 
the Eye; and icture, as I ſhall ſay hereaf- 
® 716 ter, * is the occaſion of the Ideas which are exci- 
, * Minds concerning r Things that we 


Ho this Picture 1s form'd i in the Eve, 8 
be explain d, without examining a new Prope 
of Light; namely, its POR, which is 
Ss... ES I 7 nf 


BAT ; 
709 4 Bodythat i 2 e e we Lig, 


is ſaid to be 
all the ke Balis, alli? ex- 


710 Seueral among 
actly poliſl'd (except iy black Bodies, if 
- 


*, 44 
* 1 
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there are any ſuch) have the Property of dividing 
Light, for they reflect the Light, ſo that the Rays 
from Point being ſtruck back, are divided, 
and recede every way, fo that all the ſingle Points of 
the Body become as it were radiant Points, from 
which Light goes every way. K bi5obit 
Whence we deduce à Method of painting Ob- 711 
jets upon a white Plane; for all the Points of 
the enlighten'd Body, from which the Rays come 
upon a convex Lens, have their Focus of the other 
fide of the Lens.* The Foci of diftant Objects, * 699 | 
tho? not exactly, are ſenſibly at the ſame diſtance | 
from the Lens; thoſe Objects may by theſe Foci 
be repreſented in the ſame Place; which Repre- 
ſentation is inverted, (by reafon of the Interſection 
of the Rays as they go thro* the Glaſs) and ſen- 
ſible in a dark Place, in which Light comes in no 
way but thro* the Lens, and only that Light by 
which the Objects are repreſented. 
This will do wherever the Lens is placed, and 
in reſpe& of all the Points of Objects, enlighten'd 
by Rays of Light, from which right Lines with- 
out Interruption may be drawn to the Lens; in 
this manner the above-mention'd Diviſibility in 
Light may be proved, and the Aptneſs that Bo- 
dies, that reflect Light, have to divide it. 


A 1. Plate IX. Fig. 2.] Make an Hole 
in a dark Place, over-againſt ſeveral Objects that 
are at leaſt go Foot off br farther; let the Hole 
be V, and let it have a convex Lens in it that 
collects arallel Rays at the diſtance of about four 
or five Feet; if a white Plane be placed behind 
the Lens a little farther from it than that diſtance 
all the Objects above-mention'd will be painted 
upon it in very beautiful Colours. It is to be 
0 ſery'd, that the Lens muſt be placed in a N 


| 
| 
| 


1 . 0 
i = #3: Sun. * 4 #4440 2211 11 : 
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tion parallel to the Plane; and that by moving 
the Lens or the Plane, the diſtance muſt be found 
at which the Objects are repreſented moſt ex- 


actly. 

This Repreſentation of Objects has great Affi- 
_ . . nity with chat by which the Objects that we ſee 
are repreſented in the bottom of the Eye, as will 
appear from the Make of the Eye. 


712. The Figure of the Eye, when taken out of the 


Head, is nearly ſpherical ; only the fore-part is 
ſomething more convex than the reſt, _ 
* The Section of the Eye is repreſented Plate IX. 
* be 
The Part A A, which is moſt convex, is tran- 
ſparent, and call'd the Tunica Cornea, 
The whole Covering of the Eye, except the 
Cornea, is calPd the Sclerotica, BAAB. 
That Part of the Sclerofica which is next to the 
Cornea, is call'd the Adnata, or White of the Eye. 
Behind the Cornea, on the inſide, is a Coat call'd 
the Uvea, which has in its middle an Hole P p. 
call'd the PuHt. 62; 4.4 
The Uvea is made up of concentric circular 
Fibres, interſected at right Angles by ſtrait Fi- 
bres ; if the firſt are ſwell'd, the laſt are relax'd, 
and the Pupil is leſſenꝰd or contracted; and a 
Fa Motion of the Fibres increaſes or wi- 
In the middle of the Eye, but nearer the fore · 
part, there is a tranſparent ſoft Body C C, like 
a convex Lens, whoſe hind- part is more convex 
than the fore · part; it is calPd the Cryſtalline Hu- 
mou; its Axis coincides with the Axis of the 
Eye, that goes thro? the Centers of the Pupil and 
the whole Eye. ** ee ee 
This cryſtalline Humour is ſuſtain'd by ſmall 
Fibres or Threads, Which are fix'd to all the 
Points of its Circumference, and likewiſe pa 
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inſide of the Eye; they are inflected in the Form 
of an Arc, and every one of them is a Muſcle; 
they are call'd the Ligamenta Ciliaria, and two of _ 
them are repreſented by C, IC; they all cohere 
to one another, and together with the Cryſtalline, 
make a Separation in the Eye, and divide it into 
two Cavities, one forwards-p p, and the other 
backwards 88. STE | 
The Cavity that is forwards is fill'd with a Li- 
quor like Water, call'd the aqueous Humour. 
The hind Cavity is fill'd with a tranſparent 
Humour, nearly of the ſame Denſity as the aque- 
ous Humour, but not ſo fluid, calPd the vitreous 
Humour. | - vi17 invert ' V20"7." FS 
The hind Surface of the Eye within is lin'd with 
a Coat call'd the Choroides, which is again cover'd 
with a thin Membrane calld the Retina. 
At the back Part of the Bulb of the Rye, a lit- 
tle on one ſide, is the optic Nerve NN, ſo join'd 
to the Eye, that the Eye itſelf is as it were an Ex- 
panſion of the optic Nerve, for the expanded Coats 
of the Nerve form the Cboroides and Sclerotica, and 
the Fibres, which make up the Rel ina, concurring, 
make the Marrow of the Nerve. ke 
The Eye is mov'd in the Head by ſeveral Muſ- 
cles inſerted in the Sclerotica, but we ſhall not treat 
of them here ; as we only conſider the Eye with 
reſpect to the Motion of Light, we E for- 
bear to take notice of any ching elſ eG. 
Kays that. ro from any Point, and enter ibe 531 
Eye thro? the Pupil, go out of a rarer into a denſer 
Medium throꝰ a ſpherical Surface; and therefore 
if that. Point be at a due diſtance from the Eye, the 
Rays after Refrattion will converge 3 in the fame * 661 
manner as in the Experiment of Ne. 663. (Plate 
VI. Fg. 4.) in which the Glaſs V 7 the 
tranſparent Cornea of the Eye, whilſt the Water 


in 


4 
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in the Trough is inſtead of the aqueous Humour; 
and therefore, ſuppoſing only the Cornea and the 
714 Auen Humour, ther? will be in the Eye an inverted 
*710, iure of the Objects. * 

711 ' . 
Wo 2. Plate 1X. ER 4. | Let P be the 
Trough above-mention*d" full of Water, and ſer 
in a dark Place, which has an Hole about half 
an Inch wide, fo diſpoſed towards enlighten'd 
Objects at a certain diſtance, that one may ſee 
them through the Hole; let the Glaſs V of the 
Trough be "pe to this Hole, and upon the | 
which] Plane u will have an inverted Picture 

of the Objects; 7 moving the Plane backwards 
and forwards, you will find the Place where the 
Picture is moſt diſtin. 

If the above- mention'd Picture, which we have 
imitated in this Experiment, was to be made in 
the Eye, it would be at too great a diſtance — 
the Cornea, and beyond the bottom of the E 
and therefore this 1 is ditniniſh'd 75 ＋ 

715 the cryſtalline Humour, which is denſer; Gn en- 

compaſs'd with rarer Mediums 3 for the Rays 

conve in the aqueous Humour, paſs thro? 

the line into the vitreous Humour; that 

is, out of a rare Medium threꝰ a denſer (which is 

terminated by two ſp * convex Surfaces) in- 

to a rare Medium agu Motion the 

* 700 Rays converge ill © uh and therefore: they 

concur ſooner, and ** ae 
falls within the Ee... 

BY The Objefts which, as we have explain'd; are re- 
preſented in the bottom of tbe Eye, are painted upon 

Ide Reta; and by the Motion of Light tht fonall E. di 


bres, yr the Retina is mate up, ard agitated ; ; 
by Agitation, the Idens of the Objefs painted 
in the Eye, are extited in the The Connexion 


between the Ideas and the Motions by " 


I ²˙ on ror 


Bock III. of Matura PBibfopby. 63 


they are excited, is unknown to us, as we ſaid 502 


before : In determining the Cauſes of Senſations, 
we can go no farther than the Agitation of the 

The more exaft the Pifture above deſcribed is, the 717 
more diſtin? will the Objects appear. When the Rays 718 
coming from the ſame Point are not exaftly united 
upon the Retina, its Picture is not a Point, but a 
Spot, which is confounded with the Pictures of 
the neighbouring Points; in which Caſe the 7i- 
ſion is confuſed. Ge e eee 
But when, according to the different diſtance of tha 719 
radiant Point, its Focus is brought nearer, or re- 
mov'd farther-off, * it is neceſſary that there ſhould * 663 
be a Change in the Eye, leſt the Place, in which the 
Pictufe is exact, ſhould fall ſhort of, or Fi 
the Retina, and ſo the Viſion ſhould be confuſed. 

But it is very difficult to determine what this 
Change is, and Philoſophers are divided in their 
Opinions about it; I ſhall only obſerye in gene- 
ral, that it is not very probable that the Figure of the 720 
whale Eye is changed, in order to put. back or bring 
forward the Retina z and therefore we, muſt expect 
to find this Change within the Eye. 

For if the Figure of the Eye was chang'd, as 
this Change muſt be equally neceſſary in all Ani: 
mals, the Eyes of all Animals would undergo the 
ſame Changes; for the ſame natural Effects can- 
not have different Cauſes. Now in the Whale the „ 
Sclerotica is too hard to be ſubject to any Altera- 
tion of Figure. Beſides, if there was ſuch a 
Change in the whole Eye, it would ariſe from the 
external Preſſure of the Muſcles, Which would be 
different in different Poſitions of the Eye, and 
only regular in one Situation of itt. 7 

if now we examine the Eye within, it will ap- 
pear neceſſary that there Thould be a Change 10 
the Cryſtalline, which by changing its Place or 

* Figure 
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-£ in the Eye, will produce the deſired Ef- 
for che Rays hat fall upon the Retina, be- 
25 they are united, will be made to unite juſt 
upon he : Retins, if the Cryſtalline becomes more 
® 95 convex, * or if (its Figure remaining the ſame) it 
be brought forwards towards the Cornea. 


721 That the 2 of the + cryſtalline Humour is 
thanged, and that it is 9 — nearer to, or 

r fs "the Retina, its. Axis remaining the 
lame, 1 71 plain, becauſe the ciliary Ligaments are 
muſcular; when theſe Muſcles are ſwell'd, and 
become ſhorter, the Hollow which their Infle- 
Clog makes at CI, Cl, becomes lefs ; by which 
means the vitreous Humour is compreſs d, and 
therefore it . upon the Cryſtalline, and | 

ther. from the Retina ; 


. e Wl we ſhall hereafter 
753 mention, it has been demonſtrated, that there is i 
another Change in the Eye chat acts contrary to t 
this; and we ſhall ſhew what is the occaſion of it. 0 
The ſecond Change is alſo to be referr'd to the t 
622 als oa which. (when it is drawn by. the. c- 
aments, 10 make it retede from the bottom 
) beromes al Kalter » and therefore it 


Tie recede. farther . an if Its Figure was un- 
changeable ; 5 * that is, the ge becomes More 


® 730 ſenſible ; ; which we e halt Wy to be of Uſe. * 


© Theſe Changes in che Ey 4 have their Limits, 
ſor which reaſon alſo tb 7 r only diſtin? 
924 within textain Limits, which are different Diſtance 
72 5 atcordling to the difference of ba Eyes; and very 
often in the ſame Man, both Eyes bave not the ſam! 
Limits; "which. is, almoſt "of the ſame Uſe, as if 


the Limits of both Eyes Were, more diſtinRt from 
ee ww c ” one 


TW 14 


. 
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one another: For one may ſee an Object diſtinct- | 
ly enough with only one Eye. In ſome Perſons | 
alſo the neareſt Limit of one Eye is farther off 
than the fartheſt, of the other: 1 which Caſe 
near Objects and diſtant Objects are ſeen di- 
1 but the intermediate ones appear con- 
ſuſ | 

The Picture in the Bottom of the Eye, as has 226 
been ſaid, is inverted 3 whence a Queſtion a- 714 
riſes, why we ſee Objects etect? To which we 
anſwer, by asking another Queſtion-z Whether 
it is more eaſy to conceivethe Connexion between 
an Idea in the Mind, and an erect Figure, than 
an inverted. one ? We confeſs, that we have no 
Notion of that Connexion in either Caſe : Bur 
Experience teaches us, that there is a Connexion 
between an inverted Picture in the Eye, and the 
Idea of an erect Object and further than this we. 
do not know: -/ 
| If we look at the ſame Object wich both Eyes, 727 
it will appear ſingle; but this happens only when | 
the Object is painted in correſpondent - Points 
of «gue Retina; which probably happens from 3 

of the Optic Nerves. For it is ob- 

—— Amal Ai which ſee the ſame Object ; 
with both Eyes, that the Optic Nerves meet 
and ſeparate. again before they go to the Brain; 
but in Animals which ſee different Objects with 
each Eye, the Optic Nerves 80 ſeparately from 
the Eyes to the Brain. \Y 

Only one Point at a Time can te ſeen a diftinly, 728 
namely, that which is repreſented in the Axis o | 


the Eye; if we look at one Point with both 
Eyes, we muſt ſo direct the Eyes, that their 
Axes continued ſhall meet in that Point; which 


| 

| 5 — 
f W *oinc, | 
L 
e 


F = : — EC N ? 
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| <4 oh | 
- By this Direction of the Axes we judge of 
the Diſtance of Objects ; for the Situation of 

the Eyes alter according as the Axes make a dif- 
ferent Angle, which Angle depends upon the 

Diſtance of the Whence it happens, 

3 — fo UE 

e get a Habit of 3 of the Diſtance of 

"229 Objects by ile Direction of the Axes ; which is ſen- 


fible to us, becauſe it d s upon the Motion 
of the Eye, that we Therefore we. ma 


fee the Uſe of havi vingewo- Eyes placed at a cer 
"rain 3 — one another as long as this 


certainly.” 
730 We can alſo judge — leſſer Diſtances with one 
*-21 Dye alone; becauſe in the Variation of a ſmall 
ET. the Change in the Eye is ſenſible.“ 
#. In great Diſtances, if we lock at known Ob- 


. r and the 


722 CD ade, to judge of very great Diſtances, 
9 except the ſame Ohields be ſeen from different Places. | 
_ 733 © The/apputent-Magiitude f an Objeft depend: 
_ _  ppen'the- Bigneſs rhe Piltare: in the Bottom 
ol the Eye, which Picture depends upon the Angle 
under which an Object is ſeen; that is, the Angle 
— which is form'd by Lines drawn from the Extre- 
mities of the Object to che Eye. 
1 734 Wis apparent Magnitude is to be diſtinguiſh'd 
from the tude which aur Mind attributes io 
A Oel that we fer,” which laſt is founded upon 
h the; Jadgment, 'whoſe Foundation is not in the 


as it is more 
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in the Judgment that our Mind makes of it, which 
we do without any Attention to it. Therefore 
the ſame Object at the ſame Diſtance appears of a 
different Magnitude, if we judge differently of 
the Diſtance. a 7 | 
Me have a remarkable Example of this in re- 735 
ſpe& of the Sun and Moon, which appear greater 
when near the Horizon, than ata greater Height ; 
tho',. as is known. to Aſtronomers, the Picture of 
the Sun in the Bottom of the Eye is the ſame in 
both Caſes, and that of the Moon is leſs when it 
appears nearer the Horizon; we cannot judge of 
the Diſtance in either Caſe, _ but it appears 732 
greater near the Horizon, by reaſon of the Inter- 
ſition of the Fields and Part of the Heavens. 
we ſee the Bodies above - mentionꝰd thro' a 
Tube, this apparent Diſtance vaniſhes, as alſo 
the Magnitude which is deduced from it. From 
our Childhood upwards, and ſo continually, 
we join the Idea of Diſtance with the Increaſe 
of apparent Magnitude, . (which is neceſſary for 
ing a true Judgment concerning the Magni- 
tude) whereby: the Ideas are ſo cloſely join'd, .. 
that they cannot be ſeparated, not even in thoſe 
Caſes, in which we know that they lead us into 
Error. Logicians teach us, how many Errors 
are to be attributed to Ideas ſo join'd. 


15 — 
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Of Vijion thro' Glaſſes, and how to correct ſome 
N Defect of the Eyes. 


” 
4 


N Object is viſible, becauſe all its Points 736 
are as it were radiant Points; * therefore 71; 
a Point appears in that Place from whence diverging 714 
Rays are emitled, FS 
| | h F 2 F 


. 


628 which are parallel to the Lines Ab, Ab: * now 
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F Rays inſlected any bow enter th. Eye ... verying, 

29; . e Point will þ; in the imaginary Focus of p 

Rays; for the Rays enter the Eye exactly in the 
fame Manner that Rays would do that came di- 
rectly from that Focus; and to have them unite 
upon the Retina, the ſame Situation of the Cry- 
ſtalline is requiſite ; ſo that, in reſpect to a 8 
Eator, it is no Matter whether thoſe Rays, 
Refraction, or theſe directly enter the Eye; and 
*719, there will be the ſame Motion in the Eye, when 
230 it fits itſelf for diſtinct Viſions.“ ' om 
738 A Point appears the more enlightened, the greater 
' Number of Rays coming from it enter the Eye. 

739 When Objefts are ſeen thro' a plain Glaſs termi- 
nated with parallel Surfaces, they appear to be nearer 
than when ſeen with the naked Eye. Let A ( Plate 
X: Fzg. 1.) be a viſible Point ; the Rays, goi 
from it and entering the Eye, are between As 
Ab; theſe, being refra in the Glaſs VV, 
move along bc, bc, and go out thro* cd, cd, 


becauſe br, bc, are refracted towards the Perpen- 
5 dicular, cd, cd, fall betu een ) Aandb A; that 
is, they interſect at a, wi ich is nearer than A; 
therefore the imaginary Focus of the Rays which 
enter the Eye is at a, in which the Point A ap- 
737 pears to be. | T 
740 That Point alſo appears to be more enlightened, 
when ſeen thro the Glaſs above-mentioned. For all 
the Rays between A and Ab enter the Pupil 
between d and d; but as the Lines A b, A b, are 
parallel to the Lines c d, c d, and theſe are be. 
tween thoſe, A b and A h being continued would 
1 A and d; therefore if the Glaſs was 
taken away, the Rays, which now enter the Pu- 
Pil would take up a greater Space, and chere 
_ Tore would not all enter the Eye. 


| Plat 
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Plate X. Fig. 2.) The apparent Magnitude of an 741 
elt is increaſed by the Interpoſition of a plane 
Glaſs; the Object A E is ſeen by the naked Eye 
under the Angle A dE; but if you uſe the Glaſs * 
VV, by reaſon of the Refraction thro? Abcd 
and E þ cd, it wil be ſeen under the Angle cd c, 
which is greater than the laſt. But yet the Object 742 
is not greater in Proportion to the increaſed apparent 
Magnitude 3 * for it appears to be at a leſs Di- *734 
ſtance.“ 739 
2 Increaſe of apparent Magnitude is ſo much 743 
reater, as is the Difference of the 
tt and cdc; whoſe Difference increaſes as 
the Interſections of the Lines Ad with bc, and 
Ed with c, come nearer to the Points h and ; 
which obtains as the Obje is brought nearer to the 
Glaſs; and therefore it is the greateſt of all, 
when the Object touches the Glaſs z which 
— that Objects, even in the Glaſs 1 
muſt appear magnified. 
And in general, the Eye being placed in a — — 744 


Medium, the Obje#? that is ſeen in a denſer M. 

appears "bigger, and is alſo brought nearer — the 

Refraction. This is every Day confirm'd by 559 

ned, when we look at Objects in the 
ater, 

Let there be 4 Point A ſeen thro* a evence Lows 745 
VV, (Plate X. Fig. 3.) and the Rays Ab, Ab, 
ated, cd, will go out more di ing, as if hey 
came from @ 3 therefore that — be 699 
at a greater Diſtance. It appears alſo mare en- 37 
lybtened ; for the n 
as they go throꝰ the Glaſs, and are alſo reduced 9 
into a leſs Space, — reared 25 
them muſt enter the Pupil. Lav f 

The apparent Magnitude of an-Objects 
inereaſed; that is, the Obje# ſcen 


Obſe is ber uncles a gg Angle, which ap- 
F 3 Pers 


F ³˙ . 
ww... 3 2 
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AE, ſeen with the naked Eye, is ſeen under the 


eee” 
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rs from a Sight of the Figure; the Object 


Angle Ad E, (Plate X. . 4, and 5.) but now 
it ĩs ſeen under the Angle c dc, which is greater; 
(in Fg. 4.) — 5 Eb, which are con- 
vergent, converge more as they go out of the 
*700 Lens; or diverging (as in Fig. 5.) they come 
*699 to the Eye converging.* Therefore the Object 
appears magni magnified, th from the Appearance _ 
*745 it being farther, *® and its Magnitude being in- 
®734 creas*d; and therefore be Magnitude, that ve 
748 attribute is an Object, does not follow the ſame Pro- 
portion as the apparent Magnitude for which Rea- 
. ſon we'ſhall not delay Time in Demonſtrations 
about it: But we ſhall obſerve in general, 
749 That the Angle, under which an Object is ſeen 
thro a convex Glaſs, diminiſhes as the Eye recedes 
| the Glaſs; whuſt the Object is not more aijtant 
from the Glaſs than the Point in which parallel Rays 
are collected: But if the Object is father off, the 
apparent Magnitude is increaſed as the Eye recedes. 
750 After the ſame Manner, if the Eye be beturen 
"the Glaſs and the Focus of parallel Rays, the Angle 
 above-mention'd is diminiſbed as the Obet? is farther 
removed ; the Eye being placed at a greater Diſtance, 
the ſame Angle is increaſed as the Object is fi 8 
removed; in which laſt Caſe the Object . 
ſo far removed, as not to be viſible beyond the 
"754Glaſs, as will be ſaid anon.? 
Alſo in thoſe Caſes in which Objects are vi- 
; bie, they do not always — diſtinct 7. 
7570 For, "that a Point may appear diſtin, it is re. 
quired that the Rays that proceed from a Point ſhould 
736 enter the Eye and that the imaginar) 
2 1 Res of 25 Rays, in reſpett; of. the Spectalor, 
724 © ſbould — 9s rs 4h en 
752 If the be removed beyond the Focus 
of parallel Rays, che Rays going from Fo! 
83859 £ '' 


* 
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of the Object, enter the Eye converging z which *699 
Caſe is impoſſible to the naked Eye: In this the 
Viſion is always confuſed, and the Eye diſpaſes 
itſelf ſo as to have the Viſion the leaſt confuſed 
that may be; from this Diſpoſition we judge of 

the Diſtance, as we do in every Caſe in which 

we judge of it with only one Eye.“ : 730 
But this Diſtance does not always appear to 753 
be the ſamez whence may be deduced what is 

ſaid of the Change of the Figure of the Cryſtal- 
line.? For if, ſuppoſing the Cryſtalline moveable, 722 
its Figure be unchangeable, in every Situation 

of the Object and the Eye, in which the Rays, 
coming converging from a Point, enter the Eye, 

there will be the leaſt Confuſion, it the Cryſtal- 

line comes back towards the Retina as far as may 

bez ſo that in every Caſe there would be the 
ſame Diſpoſition of the Eye, and the ſame Judg- 

ment concerning the Diſtance 3 which, as has 

been ſaid, is contrary to Experience: But if it 
becomes flatter as it recedes from the Retina, 

there will be Changes in the Eye, which agree 

with the ſeveral Judgments made of the Di- 
ſtance in different Situations of the Object and 

the Eye. 

If in the laſt Caſe, in which Rays, coming ſrom a 754 
Point converge, the Eye be ſo removed, that the Rays 
unite before they come to the Eye, in all the Points 
In which the Rays concur, there will be radiant 
- Points; which are the Foci of all the Points of 

the Object, by which the Object is repreſented 
- inverted upon a white Plane ; * and which are 711 
d viſible Points in reſpect of the Eye, to which 
7 the Rays can come after their Interfection.“ In *736 
7 that Caſe tbe Object appears inverted, becauſe we 
don't ſee the Object itſelf but its Repreſenta-. 
uon behind the Glaſs, which we have ſaid to 
be inverted .? <p 
boyd * F 4 We 
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955 We have faid that the Caſe is impoſſible to the 
naked Eye, in which the Rays, coming from a 
Point, enter the Eye converging 3 and therefore 
ſuch Viſion-isalways confuſed, becauſe the Con- 
ſtruction of the Eye cannotadapritſelf roan impoſ- 
ſible Caſe: Yet ſometimes, but rarely, even in 
that Caſe, the are ſeen diſtinAly ; which, 
as it is occaſioned by ſuch a Defect of the Eye 
as takes away all diftin&t Viſion from the naked 
Eye, I did not think proper to take Notice of 
ſuch Ex of the Rule. 
1. The Fault of the Eyes of @ great * Men 
Sas" crea} Bin ad bur diſtant Objects di- 
indy, thoſe that are near appearing confuſed 
to them; which Defe& is correfied by the Inter- 
pofition of @ comvex Lens. The Rays, which flow 
from a Point which is near, concur beyond the 
Retina; paſſing thro? a convex Glaſs, they will 
diverge leſs as they enter the Eye, and ſo concur 
ſooner in the Eye; that is, come to the Eye as 
i they flowed from a remote Point, ſuch as is 
ſeen diſtinctly by an old Man. 
757 — — Objects appear to be tearer, 
and leſs. 
Plate X. Fig, 6.] The Rays Ab, Ab, and all 
that-are between, going thro* a concave Lens 
705 becoine more diverging, * and enter the Eye as 
*;z if they came from a Point a, which is l:{sdiftant,* 
*737 where the Point A appears to be.“ | 
making the Rays to diverge more, they 
are carried farther aſunder z and therefore fewer 
of chem enter the Eye, which diminiſhes the 
OR 
a, Ie X. 7 rent © is 
alſo diminiſh'd, becauſe the Rays ALE}, by 
- which we-ſee- the Extremities of the Objett, 
— — —. — e the and therefore 


"the Angle edi, under Obpt is — 
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beyond the Lens, is leſs than the Angle A d E, 
under which it is ſeen by the naked Eye; there- 
fore upon account of the Diminution, both of 
the Diſtance and the Angle above-mencion'd, the 
Odject appears diminiſh'd, * 2534 
A concave Lens is of uſe to thoſe who ſee no Objefts 758 
1 diſtintly but ſuch as are near, ſuch are call'd My- 
1 opes ; thro* this Lens remote Points appear to be 
near, * and the Rays, which did concur before 757 
they came to the Retina, now enter the Eye more 
2 diverging, and meet upon the Retina. 
There are Glaſſes that have one Surface plane, 
and the other ſide is made of ſeveral plane Sur- 
faces, that make Angles one with another (like 
a Diamond) thro? theſe the Rays that flow from 
one Point ſuffer different Refractions, and b 
every Surface are made to enter the Eye in a dil 
ferent Direction, as if they came from different 
Points; that is, the ſame Point forms ſeveral 
imaginary Foci, and therefore appears multipli- 
ed, for it is ſeen in ſeveral imaginary Foci®; 737 
2 which, as it happens in reſpect e Point of 
the Object, bro ſuch a Lens, which is 4 Polybe- 759 
1 dron (or multiplying Glaſs) be Object appears 
1 multiplied. 
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CHAP, XIL 
Of Microſcopes and T eleſtopes. 


| E have ſhewn of what Uſe Glaſſes termi- 
| nated with ſpherical Surfaces are for cor- 
recting the Defects of the Eyes of Old Men, and 
of the ſhort-ſighted ® ; how they ſerve for diſco- 756 
vering the ſmalleſt Objects, and bringing the 758 
molt diſtant (as it were) to che very Eye, is what 
We are now to contider, | * 

2 e 


— — 
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We have ſaid that the convex Glaſſes magnify 
®* 747 the Objects“, which magnifying depends upon 
the Refraction of the Rays as they go thro? a con- 
vex Lens; whence it follows, that it is increaſed, 
if in the ſame Circumſtances the Refraction be 
increaſed ; which Effect may be produc'd, by 
augmenting the Convexity of the Lens, which 
will be the more convex, as the Surfaces that ter- 
minate it are Segments of a leſs Sphere, which 

can only be had in very ſmall Glaſſes. 


| DzFr1iniTiON E 
Such ſmall Lenſes are call'd Microſcopes. 
761 By a Microſcope ſmall Objects are 1 
by which means, things which would be inviſible 
to the naked Eye, are very diſtinctly ſeen. 


DxFi1iniTionNn II. 


762 The Space ſeen thro the Microſcope, that is, the 
Circle in which Objets are viſible thro” the Micro- 
ſeope, is called the Field of the Microſcope. 


iment 1. Plate IX. Fig. 5.) If we look 
at the ſmall Obje& AE thro? the Microſcope V, 
* -4c it will a magnified at a . 
"7 WW — 0 alſo compounded Microſcopes, made 
up of two or three Lenſes z what Foundation 
they depend upon, will be ſufficiently ſhewn by 
pr aaa thoſe which is made up of two 

"a | 
Plate XI. Fig, 2.] Take a ſmall Lens that is 
very convex, as VV, and let the Object AE be 
lac'd at ſuch a diſtance from-it, that all its 
* 710 Points ſhall have their Force beyond the Lens; 
699 let the Object be brought ſo near, that the Foci 


® 699 may be remov'd to 4e, and you will there have 


y 
the Repreſentation of the Object yery much en- 
A * g d, 
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larg'd, which will be ſenſible if you receive it 
there upon à white Plane “. | * 711 
Experiment 2. Plate XI. Fig. 1.] The Lens a- 
bove-mention'd muſt be made laſt in the End of 
a Tube at V; and the other End of the Tube, 
which is wider, muſt be cover*d with a very thin 
Paper CC; the Object AE muſt be ſo plac'd, 
that the Foci of the Points of that Object ſhall 
be juſt at the diſtance of the Paper; if then the 
Object be well enlighten'd, you will have its Re- 
preſentation inverted, viſible thro* the Paper ac 
a e. By moving the Object, you will have the 
true Poſition that brings the Repreſentation upon 
the Paper to be diſtinct, . | 
Plate XI. Fig. 2.] All the Points of the Repre- 
ſentation ae are radiant Points, and therefore 
viſible“, which being ſeen thro? a large Micro- 536 
ſcope VV, ſhews the large Repreſentation 4 e 754 
at a e“; that is, the Rays coming from the Ob- 761 
jet AE, after the Refractions thro* both the 
Lenſes V V, V V, will enter the Eye, as if they 
came from an Object at à e. * 
Therefore thre“ ſuch 4 — Microſcope 763 
the Object appears inverted, and much more magni- 
fed than thro* a fingle Microſcope, | 


Dzr1x1T10N III, and IV. 
In this Microſcope the ſmalleſt Lens, which is next 764 
to one 5 0 is called the Object-Glaſs, and the 
other the Eye- Glaſs. | 
This laſt ought not to be too ſmall; for the 
Points of the Repreſentation a bh, tho? they be ra- 
diant Points, do not emit Light every way ; on- 
ly the Rays which paſs thro' the Obje-Glaſs in- 
terſe& one another in the ſeveral Points of the 
Repreſentation ab ; which Repreſentation there- 
fore will not be viſible, unleſs the Rays that go 
throꝰ the Obje-Glaſs do alſo go thro' ml 15 


* 
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765 "ne . The Feld 1 2 W Space that the 
Microſcope can take in the Ma 

tude of bh _—__ TB | 0 
The Eye alſo muſt be fo plac'd, that all the 
Rays that come to the Eye-Glaſs, going thro? it, 
ſhall come to the Eye; which is done by placin 
766 the Eye at d, tbe Point in which all the Rays whic 
come from the Center of the Objef-Glaſs, and paſj 
thru the Eye-Glaſs, are collected. 
_ Objefts appear bright enough thro* Micro- 
ſcopes, becauſe they are very near the Glaſs, and 
= - fo the fame Number of Rays paſs thro” a ſmall 
Lens as would not paſs at a greater diſtance, un- 
leſs thro* a great Hole; yet often, where Objects 
are the moſt magnified, they muſt be enlighter'd by 
767 IN PEO thro* a convex Lens and thrown upon 
; Ihem. | 

| The aſtronomical Teleſcope much reſembles 

the compound Microſcope. 


ani tc: +011) 408 

768 _ Inſtrument; fitted to ſee diftint Objefts, are called 

*_ - Teleſcopes. 

769 That which we now treat of is call'd the afro- 
nomical Teleſcope, becauſe it is not ſo fit for ſee- 
ing Objects upon Earth, for it repreſents them 

_ inverted; but Aſtronomers do not much 
che Poſition of the Appearance of the Object. 
This Teleſcope confiſts of two convex Lenſes, 
the one an Object-Glaſs, which is plac'd next to 
the Object, and the other an Eye- Glass, Pac 
next to the Eye; by help of the firſt, diſtant 
Objects are repreſenred at a certain diftance be- 
* 711 hind the Lens“, as near Objects are in the com- 
pound Microſcope, If this Repreſentation be 
e an Eye-Glaſs, it 85 appear en- 
larg' inverted, as we have ſaid concerning 
the Microſcope. Nee eee he 
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It is plain alſo, that in this Caſe, as well as in 770 
the Microſcope, the Field depends upon the Breadth 
of the Eye-Glaſs ; as alſo, that the Place of the Eye 771 
muſt be determined in the ſame manner for the Tele- 
ſeope as for the Microſcope * ; for the aſtronomic 766 
Teleſcope differs from the compounded Micro- | 
ſcope only in this, that in the Mi the 
Lenſes are more convex, and therefore leſs pro- 
per for looking at diſtant Objects, eſpecially in 
reſpe& of Objet-Glaſſes. In the Microſcope the 
Objet-Glaſs is more convex than the Eye-Glaſs ; 
but the contrary obtains in the Teleſcope. 
Teleſcopes cannot be too long for obſerving 
the Stars; but if they are above 20 Foot long, 
they are of no uſe for ſeeing Objects upon Earth, 
becauſe of the conſtant trembling of the Air, 
which is too ſenſible in Glaſſes that magnify very 
much. | a gi od yarn 
A ſhort aſtronomic Teleſcope will ſerue 40 fee Ob- 772 
jets upon Earth, by adding to it two convex Lenſes, 
which are alſo call'd Eye-Glaſſes; the three: Eye- 
Glaſſes are alike, and leſs convex than in the 
aſtronomic Teleſcope, the Objet-Glaſs remain- 
ing the ſame. pF A b 
Plate XI. Fig. 3.] Take an Object-Glaſs V V, 773 
which repreſents a diſtant Object at 4 then 
take beſides three Eye - Glaſſes DD, DD, DD; 
the firſt muſt be ſo plac'd, that the Rays coming 
from the Point bf the Repreſentation e a, ſhall 
become parallel when they have paſs'd the Lens“; 699 
in that Caſe the Rays which come from the mid- 
dle Point of the Objet-Glaſs, will be collected 
at G; the ſecond Lens muſt be fo plac'd, that 
theſe Rays which are collected at G (where they 
interſect one another, and move as if came 
from that Point) may go out parallel after, they 
have paſs'd thro* it?; which being-perform'd, 669 
_ the Rays coming from the'ObjeR-Glalſsto e, — 
Bs, 2 by there 
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there i and forming that Point of the 
— of the Object, being refracted 
thro'ꝰ the firſt Lens, paſs by G parallel to one 

| another ; thro? the ſecond Lens they are refracted 

— 698 in the Direction De, and collected at e“, ſo as to 
make it the Point of a new Repreſentation. In the 

ſame manner the Point of a new Repreſentation 
correſponds to the Point a of the ſecond Repre- 
ſentation ; which being alſo true concerning the 
intermediate Points, there will be found an erect 


nn of the Object at a e. 


3. Plate XI. Fig. 4.] Let three lit- 
tle — py D, D, with Eye-Glaſſes in them, 
that collect parallel Rays at the diſtance of about 
five Inches, be moveable upon a Plane between 
two Rulers, in ſuch manner that the three Glaſſes 
may be in the ſame Line as the Hole V, thro' 

which alone the Light enters into the Room, and 
in which there is an Object-Glaſs, which is fix'd 
1 in order to exclude all the ſide 

args wo 

his Object Lens is ſuch, as is able at the di- 

— of three Feet from V, to repreſent diſtant 

Objects inverted at F; which Repreſentation will 

be viſible, if you let the Rays fall upon a white 

711 Plane in that Place*. Five 4 — rther from 

F you muſt place the firſt Eye-Glaſs, and ten 

| Inches from that you muſt place the ſecond ; at; 

2 wich is five Inches from it, you will have an 

c ere& Repreſentation of the ſame Objects, which 

will alſo be viſible, if receiv'd upon a white 

Plane. 

| 774 Plate XI. 4 .] If the Repreſentation ac be 


—— — — 
—— . —— — ' IB 


ſeen thro? a third Eye-Glas ſuppoſing the Eye 
at o, in which the parallel Rays a D and a E 


| are collected, the Objef appears — brought 
| er; andere for it ben under the Angle 


DoD, 
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Do D, when with the naked Eye it would appear 
under a very ſmall Angle; it will alſo appear near, 
becauſe, tho? it be ſeen beyond ae, yet the di- 
ſtance at which it appears has no ſenſible relation 

to the diſtance of a very diſtant Object. | 


Experiment 4. Plate XI. Fig, 4.] Suppofing 
every thing as in the foregoing Experiment, let 
there be a third Eye-Glaſs plac'd ten Inches from 
the ſecond, and 5 Inches from that a little Board, 
or Eye-Stop, with an Hole O; if the Eye be pla- 
ced at O, the Object, as has been ſaid, will appear 
erect, magnified, and near. If the Board O be 
diſplac'd, that is, be brought nearer, or remo- 
ved farther off, the Field of the Teleſcope is di- 
miniſh'd; becauſe there is but one Situation of 
the Eye, in which all the Rays which paſs thro* 
the Eye-Glaſſes can come to the Eye. 

We are to take notice, that the Eye-Glaſſes 
made uſe of here, are not convex enough in re- 
ſpe& of the Obje&t-Glaſs V; bur they are beſt 
for making the third Experiment. __ 

All the Points of the Object do alſo appear more 575 
enlighten'd ; for the Rays which, coming from 
any Point of the ſeveral Points of the Object- 
Glaſs, do interſect one another in a Point of the 
Repreſentation, by reaſon of the ſmall diſtance of 
the Eye-Glaſs from that Repreſentation, are but 
little diſpers'd before they came to the Eye; ſo 
that they all go into it: and therefore the Illumi- 
nation given by the Teleſcope, is to that which is 
given by the naked Eye, as the Surface of the 
Object-Glaſs, thro? which the Rays paſs, to the 
Surface of the Pupil. * © © 2 736 
One may alſo with two Lenſes make Telgſcopes, 776 
which ſhall ſhew Objefs erett, enligbten d, and mag- 
nified ; theſe muſt be ſhorter, for if they be a- 
boye a Foot long, they become almoſt _ 
WA cauſe 
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becauſe their Field will be ſo ſmall; that is, they 
| will take in ſo little of an Object. 
| Plate XI. Eg. 5.] Let VV be an Obje&-glaſs, 
g the inverted. Repreſentation of a diſtant Object 
| ® 714 Will beat ea*; the Rays are ſo intercepted by 
the concave Lens DD, n 
from the Center of the Lens VV, are infected 
* 705 a if. from the Point F; by the 
8 n 
a, verging ving their imaginary 
Focus at a; —— — reins to all 
the Points of the Repreſentation e a, and inſtead 
- of it, vou have an imagina 
which is erect at a e; that is, the Rays enter the 
—— —„—-— * 
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every Way; which will be eaſily conceiv'd, if 
we imagine a Surface cover'd with an innume- 
rable Quantity of ſmall Hemiſpheres. That 
this is true, we deduce from the Reflexion of 
Light from a poliſh'd Surface; that is, from a 
Surface whoſe Inequalities are taken off; which 779 
in all its Points reflects the Light only one Way, 
which holds in Curve as well as in plane Sur- 
faces: Nay, from Surfaces that are not at all 
poliſh'd, the Light is moſtly reflected that Way, 
and it would be all reflefted if they were po- 
liſh'd, as daily Experience ſnews. | 
Plate XII. Fig. 2.] Let AC be a Ray of 
Light coming obliquely upon a plane Surface; 
let CO be perpendicular to this Surface, and 
the Rays be reflected along CB. 4 


DErix [TION J. 
The Ray CB is called the reflected Ray. 780 


Derin1T1on II. 


The Angle OCB is called the Angle Re- 78 1 


The reflected Ray, together with the incident 782 

Ray, in the ſame Plane which is perpendicular to 

the refleting Plane. | 3 
For the Aion of this Plane, by which the Light 783 

it refleted, is directed perpendicularly to a Plane, 

which is ſuppoſed like in all Points. ; 

; The Angle "of Reflexion is equal to the Angle of 784. 

neidence, "\ = 


Experiment 1. Plate XII. Fig: 1.] Takea plane 
Looking-glaſs-S; which may be ſet in any Po- 
fition by Means of a Ball and Socket join'd to 
the Foot that ſuſtains it; thro* a Hole, in the 
Plate of Metal L, that is in the Window, let in 
a Sun Beam of about a * an Inch Diame- 

der 


f Vo L. II. 
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ter into the Room ; the Glaſs muſt be ſo diſpo 
ſed, that the Beam may come thro” an oblique 
cylindric Cavity (of the fame Bigneſs as the 
Beam ) made in a little 1 18 ight Board T: If 
ou turn this Board Side for Side, the reflected 
Ray will go thro? the ſame Cavity, This holds 
good, i the Inclination of the Cavity 
be, as may be demonſtrated by uſing different 
Boards. 
By which Experiment N. 779. is prov'd, as 
well as Ne. 
785 Plate XII. 15 2. ]. F the reſtelled Ray becomes 
the incident . that is, if the Light comes 
along the Line B C, it will return in the Line 
CA, that is, the firſt that was the incident Ray 
will become the refleted Ray; as a Pran 
Equality of the Angles BC O, 
From this Equality of the — of Inci- 
dence and Reflexion, we farther deduce, that 
76 the Light, after it bas fallen upon a Body, recedes 
from it with the ſame Force — it came upon it. 
Let the Motion along A C be reſolv'd into two 
9 Motions along A O and O C, * ling A O 
parallel to the reflecti Plane, and C perpen- 
Aicular to it. Let A O be continued ; the Mo- 
tion in that Direction is not alter'd fo the 
Action of the Plane: Therefore let A O and 
293 be equal; if the Light recedes from the 
Plane with the ſame Force, with which it came 
uv pon it, the Motion occaſion'd by the Repul- 
ſion is repreſented by CO, and in that Caſc 
190 the reflected Ray goes thro? B*®; that is, the 
Angle OCB is. — to — Levy O CA, 
which agrees with th the Ex | 
787 As to the Reflexion of — it is to be ob- 
ſerv'd, that Light does not run pode the ſolid Part 
of Bodies, anben it is reflected by them, but that it is 


r — 
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paſs. I ſhall prove this by ſeveral Experiments, 


by which many other wonderful Properties of 


Reflexion are diſcover'd. 
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It is a common Experiment obſerv'd by every 788 


Body, that when Light is mov*d thro? any Me- 
dium, as for Example, Glaſs, Water or Air, 
it does not undergo a ſenſible and regular Refle- 
xion 3 but that it is reflected there, where two 
Mediums of different Denſity are ſeparated; fo 
it is reflected in the Surface of Water or Glaſs. 
Could Light in ſuch Quantity ftrike againſt 
the Particles, juſt where the Mediums are ſepa- 
rated, whereas it moves thro? both the Mediums 
for a great Space without ſtriking againſt any 
ſuch Particles; Are there more of thoſe Particles 


abundantly reflected in a denſer Medium, when it 
comes againſt the Surface of a rarer; than when on 


the contrary, moving in a rarer Medium, it ſtrikes 
againſt the Surface of à denſer.” 


Experiment 2. Plate XII. Fig. 3.] In a dark 
Place i in which the Light enters thro* an Hole 
in the Plane L, let — be placed a triangular 
Priſm of Glas AB ; let the Light enter the 
Priſm thro? one Side ; if it comes to the next 
vide making an Angle of Incidence greater than 
40 Degrees, it is wholly reflected, and does not 
at all penetrate into the Air; but Light moving 
in Air is never wholly reflected by the Glaſs. 

But if the Reflexion be made by the ſtriking 
of Light againſt the ſolid Parts of Bodies, there 
muſt be more ſuch Parts in Air than in Glaſs ; 
for if Light was reflected from the Glaſs itſelf 
— the Air, the Light would never come to 

the Separation of the Mediums ; that the Light 
an alſo go our of Glaſs in the very Places, 
were it js reflected, IT" by following Ex- 

- periments, 


— than elſewhere? Light alſo is more 789 
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periments. Therefore in the Neighbourhood of 
the Glaſs there muſt be ſo many Parts in the 
Air, that there may be no Way for the P 
of the Light, to cauſe it to be wholly reflected 
into the Glaſs; but it is plain that thank are no 
ſuch Parts, becauſe Light comes thro* the Air 
in all Directions quite to the Glaſs. Even in 
the ſame Place of the Surface which ſeparates 
the Glaſs and Air, the Light which comes from 
one Side is reflected, whilſt that which comes 
from the other Side is tranſmitted. Which 
clearly proves that the Light is reflected in the 
very Place where it can go thro”. 


790 Experiment 3. Plate XII. 1 3.] Every Thing 
being as in the former Experiment, if the Ob- ; 


liquity of the Light be chang'd, Part of it will 7 
paſs thro? into the Air. 7 
Who wou' d conceive that Light, which paſſes 
from Glaſs into Air, and does not run againſt 
the ſolid Parts, ſhou'd all of it (by a little in- 
creaſing the Obliquity ) run againſt thoſe Parts; 
when in each Medium, as has been already ſaid, 
there are Pores and Paſſages 1 in all Directions? 
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791 8 Plate XII. Ng. 3.] Takea Glat ot 
triangular Priſm AB, moveable about its Axis; de 
which is made ſo by fixing braſs Plates to ig de 
Ends, with braſs Wires perpendicularly fix d to R. 
them: The Priſm N be ſo laid upon the . At 
Trough P, as that the ſaid Wires may bear up- 119 
on the Brims of it, which are made a little hol- ¶ it 
low to receive them, yet ſo as to let them turn, WM the 
that the Priſm may move freely about its Axis: the 
Let it be ſo plac'd as to reflect the Light in thc der 
1 Manner, as in the ſecond Ex Let Wl are 

Trough: be fill'd with Water up to n the 
mn chen the Light, e ſtriking againſt WY den 


the 
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the Air, was wholly reflected, now running a- 
inſt the Water, does partly enter into it, and 
is only reflected in part. 

Which Experiment does not at all agree with 
a Reflexion made by a Stroke upon the ſolid 
Parts. 

In the third Part of this Book we ſhall alſo 
ſhew, that thin Plates, which reflect Light, will 
tranſmit it, if they become thicker“. 894 

The fourth Experiment alſo proves that be 792 
reflecting Power is ſo much greater, as the Mediums, 
which are ſeparated by a reflenting Surface, differ 
more in Denſity ; for Glaſs and Air differ more in 
Denſity than Glaſs and Water. | 

In this Experiment we alſo ſee that Reflection 793 
is made by the ſame Power by which the Rays are 
refrafted, which produces different Effects in diffe- 
rent Circumſtances. | 

A Ray, which goes out of a denſer into a 
rnrer Medium, by the Attraction of the former, 
is made to recede from the Perpendicular* ; if 625 
the Obliquity of the incident Ray be increas'd, 
the Obliquity of the refracted Ray will alſo in- 
creaſe, till it comes at laſt to move in the very 
Surface which parts the Mediums. And this 
obtains, when the Sine of the Angle of Inci- 
dence is to the whole Sine, as the Sine of Inci- 
dence, in the denſer Medium, is to the Sine of 
Refraction in the rarer; for in that Caſe the 
Angle of Refraction is a right one. If the Ob- 
liquity of the incident Ray be more increas' d, 

It is plain that the Ray cannot penetrate into 

the rarer Medium: This is the Caſe in which 

the Light is wholly reflected; which Reflexion 

depends upon that Attraction by which the Rays. 

are refracted. For when the Ray is moved thro? 

the Space of Attraction, it is bent towards the 

denſer Medium v; if it be in the denſer Medi 613 
T G 3 um. 
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um, and ſo bent, that, before it has gone thro? 
the whole Space of Attraction, the Tangent to 
the Curve be parallel to the Surface that ſepa- 
rates the Mediums, the Curve, being continued, 
turns back again z and therefore the Ray is re- 
flected by the Attraction of the denſer Medium, 
and this Continuation of the Curve is ſimilar 
and 25 to the firſt Part, and makes the An- 
le of Reflexion equal to the Angle of Inci- 
3 becauſe the Light returns thro' the ſame 
Part of the Sphere of Attraction; and the ſame 
attracting Force acts upon the Light in correſpon- 
dent Points of the two Parts of the Curve. Thus 
a Projectile, in its Aſcent and Deſcent, deſcribes 
ſimilar Curves. 
Tet that all Reflexion does not depend upon that 


794 Altrafion, in the ſame Manner, is evident; for in 


that Caſe, in which the Refraction is made, Part 
of the Light is reflected; for the Light does not 
wholly penetrate out. of the rarer into a denſer 
Medium 3 for even in that Caſe, in which the 
Attraction is the moſt oppos'd to the Reflexion 
that is poſſible, yet ſome Rays are reflected. 
Yet it cannot be doubted but that, in every 
795 Caſe, Reflexion bas relation to the refracting Power. 
6 Where Light paſſes without Refraftion, there is i 
not reflefted ® ; but where the Refraction is grealeſt, 
there the Reflexion is alſo ſtrungeſt ; which is true, 
792 not only when Light, moving in a denſer Medi- 
um, ſtrikes againſt a rarer, as in the fourth Ex- 
riment; but the ſame Thing is obſerv'd, when 
ight ſtrikes againſt the denſer Medium: Thus 
ſuppoſing the Light to move in Air, the Surface 
of Glaſs reflects more ſtrongly than that of Wa- 
ter ; and that of a Diamond yet more ſtronglj 
If. Glaſs and a Diamond be immers'd in Wa- 
ter ; the refrafting Power is leſs in the Separa- 
tion of thoſe Bodies with Water, than 22 
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thoſe Bodies touch the Air“. Theſe Bodies alſo 631 

reflect Light leſs ſtrongly in Water than in 

Air. From this Relation of the reflecting and re- 

fracting Powers, we deduce, that Light is driven 797 

back at a certain Diſtance from the Bodies, in the 

ſame Manner that the refracting Power does alfo 

act at ſome Diſtance from the Body: This Pro- 
ſition is confirm'd from what has been demon- 

Arated concerning Reflexion, which does not 

depend upon a Stroke made againſt the ſolid 

Parts of Bodies; and this is fully made out, if 

we conſider, that poliſs' d Bodies reflett the Light 798 

regularly (which we obſerve in Looking-Glaſſes) 

tho there be a great many Scratches in their Surfaces : 

For as they are poliſh'd with the Powder of 

Emery and Putty, tho" their Parts are very ſmall, 

yet they leave very great Scratches on the Sur- 

face in Reſpect of the Particles of Light; whence 

in the Surface itſelf the Reflexion muſt needs be 

regular ; but if we conceive the Reflexion to 

be made at ſome Diſtance from the Surface, the 

Irregularities are diminiſh'd, and almoſt wholly 

taken off, as is eaſily underſtood by any one that 

conſiders it with Attention. 


ET 


* — u * 


CH A P. XIV. 
Of Plane Mirrors. 


Plate XII. Hg. 4.] ET bc be the Surface 799 

| | of a. Plane Mirror or 
Looking-Glaſs z A a radiant Point. Let the Plant 
of the Glaſs be continued, and from the Radiant A 
let a Perpendicular A C fall upon it; if this Line by 
continued, and Ca be made equal 10 CA, à will be 
the imaginary Focus of the reflected Rays that proceed 
jrom A. Let A be the incident Ray 3 bf the re- 
lected Ray; which continue beyond the Glaſs 
G 4 becauſe 
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becauſe the Angles of Incidence and Reflexion are 
| *784 equal to one another“, their Complements alſo, 
which are theAngles Ab C, V dare equal; to this is 
| - x equal its oppoſite and vertical a“ C: The Trian- 
gles Ah C, ab C, which are rectangular, have the 
| Side C common, and the Angles Cha, CB A, 
equal; therefore they agree in all Reſpects, and C 

Aand Ca are equal to one another: Which De- 

monſtration may be applied to all other Rays 

| which flow from A, in whatever Plane, perpen- 
| dicular to the Glaſs, they be conceiv'd to be. 
Therefore where-ever the Eye is, if the reflected 

Rays come to it, they will enter the Eye as if 

they came from a; and the Point A will appear 

*737 in that Place ® ; but the Appearance of that Point 

800 mill bave the ſame Poſition in reſpect of the Mirror, 
behind it, as a radiant Point has before it. 

801 If this be applied to all the Points of the Ob- 
xx, it will appear, that tbe Object will appear 
bebind the Glaſs in the ſame Poſition that it has 

before the Glaſs. 


CHAP. XV. 
"= © Of Spherical Mirrors. 
| 802 Ee ſpherical Surface may be conſi- 


* 
\ 


der'd, as made of innumerable ſmal! 
„ PFlanes; and a Plane, which touches the Sphere 
in any Point, is as it were a Continuation of ſuch 
a {mall Plane. 
803 Spherical Mirrors are either Concave or Con- 
Ve. * é 


The firſt are made of part of an hollow 
Sphere poliſh' d. | 
.- The ſecond-are Parts of Spheres poliſh'd on 


the Outſide. 


wb 7 — 


4 


ly are behind the Glaſs, all the 
behind the Surface of the Glaſs. 
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A Ray coming upon any ſpherical Mirror, together 804. 
with its reflected Ray, is in a Plane, which being con- 
tinued, goes thro* the Center of the Sphere *, for ſuch * 782 
a Plane is perpendicular ro the Surface of the 
Sphere. A Line which is drawn thro* the Center of 805 
the Sphere and Point of Incidence, being continued 
makes equal Angles with the incident and reflected 
Rays * ; for that Line is perpendicular to the 784 
Surface, and thoſe Angles are Angles of Incidence 
and Reflexion; therefore the Ray that goes thro? the 806 
Center, or which being continued, would go thro the 
Center, when reflected returns upon itſelf. 

Plate XII. Fig. 5.] Let bc be a Portion of the 
convex Mirror, A a radiant Point; let Ab, Ad, 

Ac, be incident Rays, the reflected Rays will be 

bf, dg, ch; if from the radiant Point A a Tan- 807 
gent be drawn to the Mirror, the reflected Ray will 

be a Continuation of the Incident, or rather the 
Reflexion of the Rays terminated in the Point of Con- 

lat. 

If bf, dg, cb, the Rays that are reflected from gog 
the comvex Mirror, be continued, with all the inter- 
mediate ones, by their Interſections they will form 
the Curve @ a, which all theſe Rays touch, and 
the neighbouring Rays interſect in the Periphery 
of the Curve; ſo that they always enter the Eye 
as if they came from a Point of the Periphery ; 
in which therefore the Point A does always appear, * 737 
as long as the reflected Rays can come to the Eye, 
and the Eye is mov'd in a Plane which goes thro? 
the Center of the Sphere; but when the Eye is 
moy*d out of that Plane, the Radiant appears in 
another Curve, becauſe there are ſuch Curves in 
every Plane, which may be conceiv'd to paſs 
thro* A and C. 07 5 7 

Since all theſe Curves, and each of them whol- 809 
Objects allo appear 


The 


to the different Situation 
of each Curve; whence of 


Expeiment e. Fg 6.) If any one 
irror Hand- 


to i d Objects. 1 


oy 
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next to it being reflected, be- 
<-? ovme and concur with it in the Focus 
middle Point between d and C. Let 


F, hach is the 
As bea Ray very little diſtant from Cd; _ 
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the Semidiameter C; the Angle of Incidence 
will be A þ C, to which the Angle of Reflexion 


ChF* is equal, as alſo the alternate Angle CF * 805 


therefore ber is an Iſoſceles Triangle, and the 
Sides FC and F; are equal; becauſe d is very 
ſmall, Fd and F do not ſenſibly differ, there- 
fore FC and F d are equal; which Demonſtra- 
tion will ſerve for all the Rays that are but very 
little diſtant. from C d. 

If Rays are farther diſtant from C d, 
the not meet at F; yet they will all come to- 
gether into a little Circle, if the Diameter of the 
Mirror does not exceed the fifth or ſixth Part of 
the Diameter of the Sphere of which it is a Por- 

Burning 
tion, which collect the Sun's parallel Rays into a 


Focus. 

2. Plate XIII. Fig. 2.] Let there 
be a concave n Metal, or of 
Glaſs quick - ſilver d behind; let it ſtand upon the 
wooden Foot P, whoſe upper Part is bor d fo as 
to receive a Cy linder of ood made faſt to a 
tranſverſe Piece A A, which ſerves for 
the Glaſs round with a horizontal Motion ; 
—•— — — 
Axis between the Pillars AB, A B, fo as to be 
inclin'd in any Angle, and the Screws B, B, will 
9 r 93 

aving expos'd the Burning- to un 
Beams in ſuch a manner, —_— Ray, which 
comes upon the middle of the Glaſs, is perpendi- 
cular to its Sur face, ſince all the others are paral- 
lel to it, they are collected in a Focus, at a quar- 
E and 


n 3 — 5 
115 if 


Mirrors are made upon this Founda- $14 
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If the Diameter of the Surface of the Mirror 
is it is in mine) be of about 15 Inches, and the 
Focus is 18 Inches diſtant from it, Wood will 

immediately be in a Flame, and thin Plates of 
Lead preſently melt. 

If we conſider the Rays that are at ſome di- 
ſtance from Cd, and parallel to it, thoſe of them 
that are neareſt one another being reflected, will 
interſect before they come to Cd, and in that 

815 Caſe, that is, where parallel incident Rays fall ob- 
liquely on the Glaſs, Jing 4 little diſperſed by Re- 
flexion, they are collefied in a Point. 
816 F the Focus, in which parallel Rays are collefted 
by a concave Mirror, becomes the radiant Point, the 
Rays, which are but little diſperſed, are refleted 
* $13 parallel to one another *. 
7%5 From theſe Properties of a concave e we 
817 deduce the Method of repreſenting Objecis in a 
dark Place, much like what was d befor ns in 
® 211 — of a l. Er. 2 1 
late XIII. ] Let there be an Hole F 
thro* the Wall ; * a 5 be a concave Mirror, ſo 
Plac'd as to collect the parallel Rays that are per- 
ular to the Wall at F; the Rays com 
F in that Direction, are reflected ; 
ſuch are the Rays, which being reflected em the 
external Objects, interſect one another at F. 
Let AF be Rays coming from a Point of a 
diſtant Object; theſe Rays are by the Mirror 
reflected perpendicularly to the Wall ; and be- 
cauſe Rays coming from à diſtant Point, and 
paſſing thro* a ſmall Hole, may be look'd upon 
as parallel, theſe Rays will, after Reflexion, be 
collected into one Point at a, at the diſtance of 
* $15 the Wall e, chat is, in its Surface; where there- 
fore the Point will be repreſented. In the ſame 
— the Rays whi 


9816 f 


come from a Point 
thro 
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thro” B F, are collected at ꝰ; which, as it is true 
with regard to all the Points of an Object, will 
give the Repreſentation of it upon the Wall; and . 
if the Wall be white, and the Object enlighten d 
by the Rays of the Sun, the Picture will appear 

in very lively Colours. 


Experiment 3. Plate XIII. Fig. 4.] In a dark 
Place cover the | backſide of the Window · ſhut 
with white Paper, an Hole being made in the 
middle of it little more than half an Inch diame- 
ter, ſo as to anſwer to an Hole behind it in the 
Window-ſhut, over-againſt which, at à diſtanse 
no leſs than of 50 Foot, there ate ſeveral Objects 
enlighten'd by the Sun; let a concave Mirror, 
whoſe Surface is 15 Inches wide, and which col- , . 
lects parallel Rays at the diſtance of 18 Inches, 
be plac'd at that diſtance from the Window, in 
ſuch manner, that a Line paſſing thro? the Center 
of the Hole, and. the Center of the Surface of te 
Mirror, be icular to the-Plane of the Pa- 
per and the Surface of the Glaſs ; then the Ob- 
jects will be repreſented upon the Paper in a Cir- 
cle concentric with the Hole, and whoſe Diame - 
ter is equal to the Diameter of the Mirror; you. 
muſt join to the Hole, on the outſide of the 
Room, an hollow truncated Cone, to exclude 
the Light which does not come from the Objects 
R »⁰ůãůb . v0 To 2090] ts 
Let he (Plate XIII. Ng. 5:) be a concave Mir- 818 
ror, C the Center of its Concavity, A à radiant. 

Point farther diſtant than C the Center of the Glaſs; ;: 
Ab, Ad, Ae, incident Rays, whoſe reflected 
ones 5 f, dg, eb, with their intermediate ones, 

by | their. mutual Interſefions form the Curue a a, 
which they: touch; therefore the Point A appears. 

in that Curve * 3 and if the Eye be mov'd in the gos 
Plane of the Curve, ** ee 
9 ce 


X — ˙Üꝛ —— 


® $13 Diameter of the Sphere 
816 5 — ——e—8 


en ve 2— 
824 Rays, fuchas A b, and thoſe gearer it, _— 
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Place in that Curve. But in all the Planes which 
may be conceiv'd to paſs thro C A, there is ſach 
a Curve, and they all concur in the Line C A, 
at the Pointa; 
the reflecta Rays are the moſt abundantly collected, 
- which therefore is call'd the Focus of the Rays 
coming from A. On the contrary, A will be the 


* 785 Focus, ſuppoſing the Radiant at a 


In this Figure there is only part of the Curve 
drawn, which is 2 
ee e en 
the other ſide, add Lock join Ge Focus of the 
radiant Point. 


_ | 4s the radiant Point radu. the Curve come 
nearer the Mirror. 4 


| One cnt crater in 
which, if tbe Radiant be plac'd, all the reflected 


* go6 will coincide with the incident ®, and the who 


— eneee ——_—_ Sy 

" If the Radiant is yet t nearer to the Mir- 
"I ſo as to be between * 
the Curve will recede farther, and be then 
the Center; and in the Curve, that Point will re- 
cede moſt of all, in which all the Curves concur 
which are conceiwv'd in ſeveral Planes, that is, 
the Focus of the radiant Point; and that Focus 


C3 


the Mirror juſt the fourth P the 
— Dans 


— —ů — 
Part is ſuen at a a: (Plate XIII. 
2 . 
from one another, becauſe the 


in that Point a, 
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flected, do not touch the Curve, but become di- 
vergent; that is, thoſe reflected Rays being conti- 
nu'd beyond the Glaſs, will interſect one another, 

and form a new Curve behind the Glaſs, which bas 

two Legs, one of which is ſeen at 4 4; they con- 

cur in the Line C A continu'd, namely, at a, and 
receding from the Glaſs, are ſtretch*d out in infi- 
nitum. And there is alſo on each fide of the radi- 

ant Point, a Point in the Surface as d, which ſe- 
parates the Rays that form the Curves. 4 and 

a a; and the «4 A d, being reflected in d g, 
touches neither of the Curves, if it be infinitely 
continu'd toward each Part g, g, tho' it is con- 
tinually coming nearer to each Curve. If the 
whole Sphere was compleated in reſpect of the 

Part of the Sphere, the Radiant would 

be beyond the Center, and the reflected Rays 
would form the Curve which we have mention d 
before, * by which the ſeparated Legs, as aa, » gig 
would be join'd. Theſe things thus premiſed, we 

to explain the Phænomena of concave 

Ifrors. - | 
If the Mirror be enlighten'd by a lucid Body, the $25 

Rays which come from all the Points of the Objeft be- . 
ing reſlectad, will form Curves, but are chiefly col. 

leñted in the Foct of theſe Points; therefore if theſe ® 819 
Foci are in the Surface of a tubite Plane, there nll 826 
be upon it a Re on of the lucid as in 

the ſecond Experiment of Chap. IX. and that Re- 
preſentation will be inverted, for the Line which 

Joins the radiant Point with its Focus, goes chro- 

the Center of the Sphere; in which therefore » g,g 
all ſuch Lines interſe& one another; and this In- 
terſect ion is between the radiant Point and the 
Focus, in which the Point is repreſented.” » 818 
But as the lucid Body is brought nearer to the Mir- 


ror, the Appearance recedes farther, and in this * 820 
Caſe becomes bigger. | $244 


ens 


TONY 44 * 
«aL If * 


ror, and this Plane be held beyond the Center, 


of the Candle ; the proper Place will be found 
by moving the Plane forwards and backwards; 

as likewiſe by this Proportion, viz. As the diffe- 
rence of the Us of the Candle, from the 


the Diſtance required. As the Candle is brought 
nearer to the Speculum, the Plane muſt be mov'd 
2.2 + farther off; and the R will grow 
T7: boy fs 

82 27 Flas XIII. Fig, 5], Objects plated the 
Cemer, appear between the Glaſs and the Center ; 
for all the Points appear in a Curve, as at 4 4; 
. 218 * tbe Images of the Objects will alſo be diminiſbid and 
828 inveried;for 
and as the Point A moves downwards, its Repre- 
+ © 7 ſentation: will be catricd upwards; for the Line 
2 a keeps the ſame Situation in * e. 

as K 1 * catried round the Center C. 


je 3 5. Plate XII. Fe, 75 1 Leſt the 
„ +Repreſencation of the Object ſhould be leſs vivid, 
' the Mirror is to be included in a Box. If you 
have ia Mirror, whoſe Surface is about eight 
Inches. wide, and which „ a 
of a Foot and a half in diameter, ſhut it 
210 P, in whoſe fore · part there is an os 
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| t 4] Hold a lighted Candle 3 

| the Mirror and the Center of the Sphere of which 

= it is a Portion, yet ſo that it may be more diſtant 

from the Mirror than that Center; if then there 

be a white Plane perpendicular to the Line that 
thro? the Candle and the Center of the Mir- 


you will have upon it an inverted Repreſentation 


Center of the Sphere and from the Mirror, is to 
the fourth-Part of the Diameter of the Sphere, ſo 
s ther Diſtance of the Candle from the Glaſs to 


they are reduc'd into a narrow Space; 


1 «4 «CAA. . OY 


E. Toe -=nSS - an ca. . 


K 
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of about 6 Inches Diameter, and from which 
the Glaſs is diſtant about 6 or 7 Inches ; and 
let this Opening be turn'd from the Light. Now 
if any Perſon; as A, beholds hlmfelE 3 at the Di- 
ſtance of about a Foot from che Glaſs; his Fur 
will appear iaverted in the Box towards the 
Hole; and if the Beholder comes nearer, he Will 
ſce a Head coming out of the Hole: - 
01 The Repyeſc of a Point; placed in the Cen.829 
ter of a Sphere, cvincides with the radiant Point it. 
folfs aud is art were wp by it.. et 
- Tf the Eye be plar d in thut Center, no Objefiram830 
be ſeen by it; fot then only the Rays, that flow! 
from the Eye, will he reflected to ĩt“. * 3806 
F the Obje&t be beltbeen the Center and 4be Polnt, 831 
in which. Kay are coltetied ufte? 29 
5b Obst will aiſi appear without, the Ga a+ 
greater: Diſt anct from ibe Glaſs thaw the 2 
if *: abe Repreſentatiom ir inverted; Hic geb · *322- 
| inthe ſame Manner ust in! NS, 828 33Wnd; 
becauſe it is farther! removꝰ fromm the 
r irſelf:is Niſtant from id 
or 
in inſinitum; whilſt the Ohhert goes thro* che 
fourttr Part of the Hiameter i the 


If the Object diſign 
the fourth Part Die; pbert, ace" 
2X to the vil Ao Ga ye, 1 05 


4 pears either before or bebind the Glaſs.  - © 
XIII. ig. G.] If the Eye be: ſo | bu: 
Pl XU bg 6 come to it 
Curve a 4, a towards f, it N ee che Appear- | 
ance of the O towardsitheiGlaſs *® magni« 824 
fed; becauſe the Curves, , which ame, 
to ſeyeral Points, are diverging. 
If thoſe Rays come to the Bye which. form 343 
the Curve a a, the Object wWill⸗ appear without 
theiGlaſs: And i both a= the n, i 
Vat. II. ere; 


eſentation recedes from the Cter 
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in that End which is thruſt into the Tube d 
vt 


"different 


its Center, 25 likewiſe to the Plane of the e Flame, 
thro} whoſe middle Point it alfa paſſes 

This Hole is ſhut and open d by a Plane — 
able in a Groove, which 1s \tov'd by a gb 
> that ſtands our of the Box at E. * 

.To this Holy #1 a 8 Boo e the 5 
. whoſe Leh, jamneter is of about” 
Inches, at the end of which there i is a Ring, in 
whach the ſecond Tube moves,” of about folit 
Inches arr, and five or fix Inches STD 


In the leſſer Fube there News Lenſes, 


95 is of che f me Convexity as Glaſs 
ree Inches 15 A half diatneter ; the ſecond N 
Is chree Inches from the firſt, an tret, "Veil 


terminated by Portions of 4 of fo 
diameter ; ; Ne Eph 1 eu * 4 7 
o about an Inch from the od 4 


F circular Stop 9 5 l | 
uß A Re except ah te of an Ineft Aft 


A 8 in the middle of the 1 
ke e At are td be fte to 

pop & Hat thin e ich 

be mat! The 

15 V. 1 Pies 


ing in an ivr 7 


ale round, ' 7 ma off of By weder; 
this they b 1 caſt} 1 45 
far Mee JE 
Be 1125 to pon 8 
ſoccef Bvely * ” 70s ka 0 
5 Put ty my; 5 "ha whole Box finds uf 
*2 Fine 0 


'Foor, trade fo chat it may be Hd at 
N; chere act lar Ts f N 
Ed to the Box at bottom, which Hide in Gro 


in che Frame; lüb had a Slit in it, ſo 
that 
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that the Box may be made faſt at any deſired 
Height, by the Help of Screws. join'd to the 
Frame, and moveable in the Slits. "os 

The whole Machine is plac'd at the diſtance of 
15, 20, or 30 Feet from a white Plane, which 
Diſtance muſt be different, according to the big- 
neſs of the Plane; for this Diſtance may be equal 
to the Length of the Plane; the Box muſt be juſt + - 
at ſuch an Height, that the Tubes in the fide of * 
the Box may. be exactly oppolite to the middle 
of the Plane. 

The Lamp being lighted, the Box muſt be 
ſhut; and the Fi igures which are painted upon the 
Glaſs! will be repreſented upon a white Plane; 
by moving backwards and forwards the Tube 
that has the two Lenſes in it, you will find the 
proper Poſition of the Glaſſes required to give a 
diſtinct Repreſentation. As for the Diſpoſition of 
the ſeveral Parts of the Machine, which imme- 
diately ſerve for exhibiting this Appearance,” we 
ſhall here more particularly explain. 

Plate XIV. Fig. 2.) The Parts in this Figure 838 
are ſhe wn ſeparately ; S S is the Mirror, 1/ the 
Flame which — of four Flames in the Line 
43 VV aan e Vof the firſt Figure; OO 
is a Picture a flat thin Piece of 
Glass; 4 4 fo e dd the flatteſt 
Lens 3 h the wooden Stop between the Lenſes ; 

F the Aperture or Hole in the middle of the 
wooden Circle. 

Theſe things being diſpos d as has been already 
explyin'd _ as may be ſeen in the Figure, the 
09, by ch proceed from. a Point of the Picture 

_—_ a Bang thro*,the Lens @ a, become leſs 

92 upon the Lens 4 d, as if they 
— om a Point more remote * ; N from this * 669 
Lens they go out more converging *, and are * 699 


called upon the Surface of the white Plane, 
H 3 where 
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where they exhibit the Point of the Picture that 
®* 212 is painted on the Glaſs ®; this Picture is illumi- 
nated both by the Rays that proceed from the 
1 85 I, and by the Rays reflected by the Mir- 
e renne OC... 
839 For the Perfection of this Machine, it is re- 
quired, 1½, that the Figure OO be enlightenꝰd 
as much as poſſible; 24h, chat it be equally en- 
lighten'd in all its Points; 30h), that al the Light 
by which every Point of the Picture is enlight- 
nd, go thro* the Lenſes a a and d d to the white 
Plane: and ferve to make the Repreſentation ; 
bly, that no other Light but that go out of the 
Box, leſt the Repreſentation ſhould be leſs lively 


by reaſon of extraneous Light, 

The firſt Requiſne depends upon the Bigneſs of 

the Flame, and of the Mirror, and of its Conca · 

vity 3 the more concave it i, the nearer it is to be 

brought to the Flame, and then' the more Rays 

will be intercepted and reflected; yet Care muſt 

be taken that the Mirror (which may be made of 
| very good Glaſs) be not too much heared. 

Uh When the Flame and Mirror are fo contriv'd, 

[ that the Picture is the moſt enlighten'd that it can 

poſſibly be, and every where equally enlighten'd, 

the Flame and Mirror muſt be fo plac'd; that 

the inverted Image of the Flame ſhall fall juſt 

826 upon the Picture“. Now as the Repreſentation 

® 826 of the Flame can be increas*d and ditniniſh'd “, 

the Mirror and Flame muſt be ſo diſpoſed, that 

the Repreſentation of the Flame all cover the 

whole Picture upon the Glafs, but fo as not to 

exceed it; for then the Picture is as much en- 

lighten! d by the reflected Light as it can be; and 

All its Points are equally illuminated; the" direct 

Light alſo does pretty near equally fall upon all 

the Points of the Picture; this Light would in- 

deed be incteavd by bringing che Flame wn. 

Ay ut 
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but the reflected Light would be diminiſh'd, and 
the Diminution-of this laſt would be greater than 
the Increaſe of the other. | 
The Glaſs VV ſerves to-irifleft the Light, 
which the Picture O O is illuminated, before it 
comes to the Picture; by which Inflection all the 
Light comes to the Lens à a, and ſerves for the 
Repreſentation on the white Plane. 3 

All the Light that is of uſe for this Repreſenta- 
tion go-s throꝰ the Hole f, and the Rays coming 
from different Points, interſect one another there; 
wherefore the Picture upon the Glaſs, which is 
plac'd inverted, is repreſented erect upon the 
white Plane; by the Ring Yb, all the Rays which 
do not ſerve to form the Repreſentation, are in- 
tercepted, leſt they ſhould enter the Room, and 
make the Picture leſs diſtinct; this Ring or 
Aperture alſo intercepts thoſe Rays by which 
one Point is more enlighten'd than another, 
whereby the Light, which (from what has been 
ſaid) is equally enough diffus'd, is yet made more 
equal; but unleſs the Stop or Aperture þþ be 
Juſt where the Rays interſect, it does a great deal 
of Miſchief. 
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IODTES that tranſmit the Light 
are called tranſparent ; ſuch are all 
Mediums *, ex FA a Vacuum. 
There is mw Body, whoſe ſmalleſt 
Parts transparent; no one 
ho uſed to —_— will 
doubt of this... Ther ate ſome Parts of Metals, 
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Experiment 1.) In a dark Room, in which the 
Sun's Light comes in thro* an Hole, let that Hole 
be cover*'d with a thin Plate of an opake Body, 
and the Light will go thro” it; a Piece of Wood 


of the thickneſs of the tenth Part of an Inch, does 


not intercept all the Light. Burt the perfect Tranſ- 
parency of Parts in opake Bodies is not prov*d 
by this Experiment, for that Tranſparency is on- 
wi in very ſmall Parts. 


Opacity hes not (as is commonly imagin'd) hap- 842 
pen in Bodies, becauſe the way thro' which the Light 


| might paſs is ſtopt by Particles of Matter; for Light 


paſſes thro* al the ſmalleſt Parts of Bodies; nei- 


| ther is ſueh an Interception of Light of any uſe to 


| 


cauſe Opacity : It is required for Opacity that 


| the Light ſhould be reflected and deflected from a 


| 


right Line, for which there is only required the 


| Separation of two Mediums“. 6 


| 
| 
| 


| 


796 
Let us conceive a Body, conſiſting of very 


| ſmall Parts, perfectly tranſparent (ſuch as are the 
| Particles of which Bodies conſiſt ®) and ſeparared * 841 
from one another by Pores, and that thoſe Inter- 
| ſtices are either void, or fill'd with a Medium 


whoſe Denſity is different from that of the Parti- 


cles; if Light enters ſuch a Body, it will every 
Moment fall upon a Surface dividing Mediums 
| differing in Denſity, therefore it will undergo 


innumerable Reflexions and Reſractions in that 


Body“, ſo as not to be able to get through it; * 631 
| therefore we ſee that Opacity depends upon the Pores, 790 

| for if you fill the Pores with a Medium of the” ſame 43 
Den 2 as the' Particles of the Bodies themſelves, the 


Light will undergo no Reflexion or Refraction in 

the Body, but paſs directly thro *, and the Body * 841 

will bs tranſparent. 631 
Tho' 997 
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Tho? we cannot make Experiments, whereby 
to fill the Pores of the Body with a Medium ex- 
of the ſame Denſity as the Particles, yet 

the following Experiments will clearly enough 
prove Sir {/aac Newton's Doctrine n 


Opacity. 


Experiment 2. ] Paper becomes more tranſpa- 
rent when moiſien'd bit with Water, for it fills the 
Pores, and differs leſs in Denſity from the Par- 
ticles chan Air does. Oil has the ſame Effect. 


Ee 3.] Take a Piece of Glaſs two 
Inches thick, and take ſeveral Plates of the ſame 
Sort of Glaſs laid upon one another, yet ſo as 
not to be quite two Inches thick, and you will 
find that theſe will be leſs tranſparent than the 
ſolid Piece, becauſe of the Air between the Plates, 
which does not get into the ſolid Piece where all 
the Parts cohere. | 


FD na 4-] Take twelve Plates of the ſame 
Glaſs, as near as may be of the ſame thickneſs ; 
wy ned x been be laid together; if you 
take the leaſt tranſparent of thoſe two Particles, 
and having dipt it in Water, take it out again, it 
will become more ent than the other; 
becauſe the Water, which in that Caſe fills the 
Interſtices between the Planes, differs leſs in Den- 
ſity from the Glaſs than Hir does. 


What has been ſaid of Opacity i is farther con- 
firm'd, and put out of all Doubt by innumerable 
844 Experiments, by which Bodies perfectiy tranſparent 
wg — opake, by Yo Separation of their Parts, with- 
out the Intervention of any opake Body. 


* - * 
R 4 ” » ” - 1 
Ex per i- 
. | * 
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AT Les any perfectly tranſpa 
Liquid, that may be chang'd into Fr _ 
ſnak d till it be full of Bubbles, it will immediate» 
ly become opake, by reaſon of the Interſtices that 
are fill'd with Air. 


Experiment 6.] Turpentine and Water are 
tranſparent Bodies, but when mix'd they become 
opake. 45 


Experiment 7.) Wader and Oil, by being mix'd 
together, become _—_ tho? ing BP are 
arm uy — 2 


8. 3 Tho? Glaſs be tranſparent, 
if it be reduc'd to Powder it Dre. 
it alſo does when it is crack d. 

We clearly ſee in all theſe Caſes that Opacity 

is produc'd, becauſe there is a Medium of diffe- 
rent Denſity between the tranſparent Parts ; 
which may alſo be obſerv*d in the Clouds, which 
are opake on account of the Air interpos'd be- 
tween the Particles of the Water. 
If we add to this what is ſaid in the 22d Chap- 
ter following, concerning the Colours of thin 
Plates, we ſhall have new Experiments, by which 
alone it is fully proy'd that Bodies intercept the 
Light, becauſe they conſiſt of very thin Particles, 
1 — d with à Medium differing from them 
in Den 

Saas Pptke⸗ Gdts reflect a little Light, and 
the reſt of the Light, by innumerable Diviſions 
which it undergoes in the Reflexions and Refra- 
ctions above-mention'd, is extinguiſh'd in the 
Body ; ſuch are black Bodies ; if there were any 
Bodies perfettiy black, they would-refiec? no Light ; 
for = — when no Light falls upon 5 


top 
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and therefore they reflect no Rays, appear black. 
Other opake Bodies appear to have various 
Colours; ſome tranſparent Bodies are alſo ting'd 
with Colours ; ; TE RE * — now 


to examine. DN = 1 

Staad yl Odd A, E., , XVIII. 

m the different aiv of the 
n 10 Ci Xx "Sun's _ INTE 


Odies 2 appear differently Sura wo they 

| be enlighten'd by the ſame Rays of the Sun 
which are reflected by them. ' Beſides theſe there 
are ſeveral Phænomena of Light relating to Co- 
lours, not to be overlook'd. 

846 In theſe we are to obſerve three things. _— he 
Rays are to be examin'd.” 2d, Their RefleQion 
is i be obſerv d. 3dly, We are to enquire into 
the Conſtitution of the Surfaces of Bodies 2 
rere ene e 

847 As to the Rays, the firſt P. Need 
notice of here is, that in ſbe 4 cen all 
Sorts (of 48. do not . the ſame ende 2 
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#boſe are ſaid 10 be ne WF are ' muſt 
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Ky e. Between ASC: D let 
Made up of un indumerable 
pirallWF Nays; equally 

825 if 't 2 I Ra obliquely on "the Sur · 
ried the denſer Medium, ſome of them 
are fefracted between B E und BG, and are mo- 
ved according to thut Dyection in che denſer Me- 
dium q others are woe inflectedi und direct their 

Motion berween BF: u D H acdording 

Dirt c io of theſe EMes 5 and indet ii ino Direction 

cat e Coneery'd” between” the Mediums; along 

whieth&Rays' di flbt move in every Point be- 
con Bund D; ſo that the leaſt Beam whatever 
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to the 


dee :iyided/ into an innumetrable 


Ra 781 veraüſe every Sun Beam how 
— 5 "1g ' 


Ly $, and''conliſty of an 


Degrees dr WW 23 1 «+5145 189 97 5 


The ere parallel Rays fallth up- 
on a 3Þ ane Surface, by Refraction are mov'd be- 
und DH; Which Lines diverge from 
fac e ee [64436 6omrinued, are more and 
Paruted; ſolthat the Rays above. mention - 
ede Hiſperſed by Refraction- In Na. 653. we 
days cha- d 22 homogene al, as alſo every 
Were e regung Part; the difference of Re- 
frangibifity is ſmual F enough in the Nays of the 
Sun, "6830 bee Reer worth obſttving in the 
61 5685::”'Beſides/ ire” wore. — 
r Rat qappens in homogeneal Rays 
and Whaterndf? be in the Pröpolitidas, 
of thit ene Nef will 
e appear. 1 No nu v7 r 7 115 
von That 


infratt(nBIe 7 re Rays refrangible in all 
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That this Refrangibility of the Ra may be 
made viſible, the above mentionꝰd Divergence 


mentioned fall 
terminates a tall upon, the 


18 e 1 


makes any Angle with the Surface 

ſo inclin'd to it, that the Ray | 
refrangible, fall _— — 3 it eka 
chat ade leſs refrangible 3 ſo that the former go- 
ing into a rarer Medium, are more turn d out of 
the way, and diverge more from the others upon 
double A chat is, both upon the account 
of a greater Refrangibility, and of a greater In- 
elinatici Ihe Rays. . B E and DG, 
whith 22 e, being, refmcted 
ime, continue t Mage begween 
dhe ochers between a HN; 


E Tanzt and 
in Which Cale il theſe. 8 —4 85 45 * at 


„ 

e rom tho me 
leaſt; re angidle , and the whole inerwediate 
Space is enlighten'd with Rays ended with 2 


12 8 mean Eee. 2 2 wr * od 26+ 1 


Beam fall upon a triangular. Priſm of 


Jon s " Plat * 74 4 4 
eine a. Plat 2] Lech te : 
an Hale the Plans o 1 15 the Window- 


thro! which 2 FRE 
Wet this | 

Glan AA, 
in ſuth manner that it muy be wholly 
by the Jaoger Sortaep (eo bx. of Ne. 789.) | 
By the two-Refrations which the Light pnder- Þ 
—— — differently refrangible do not 
and being reflected, me upon a ſecond | 

Pad BB, which is likewiſe of Glaſs,; and tri- 
pgular, in the ſame manner as if theꝝ had come 
directly 1 the Sun, Theſe two Prafms arc 
1 moveable 


* * 


ſhut A 
Sun Beam enters the darken'd Room 


Y 


nnn 


11 
| | 


1 4 
8 . 


C 
* 
n 


| 
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moveable) about their Axes, as we before ex- 
plain'd “; the firſt, A A, is laid upon a piece 
of Wood faſtenꝰ d to it, yet ſo as not to hinder it 
from turning about its Axis ; this piece of Wood 
is faſtened to a three · legg d Staff with a Ball and 
Socket, ſuch: as is uſed in practical Geometry. 


The ſecond Priſm, B B, is laid on a Frame or 
Stand S, in whoſe oppo 
8 Slits that anſwer one another; by theſe the Priſm 


lite Sides there are ſeveral 


is ſuſtain'd at different Heights, but always ho- 
rizontally, the End of the Axis being plac'd in 
correſpondent Slitnnss. 
The Light that comes to the Priſm BB, moves 
ndicular to its Axis, and paſſes thro', as is 


bperpe 
demonſtrated in Fig. 1. in which B D and E H 
repreſent the Sides of the Priſm; the Light is al ſo 


equally-inclin'd to each ſide, which will happen 


by moving the Priſm about its Axis; for the 
Light of the Sun (as you move the Priſm) will 
aſcend, and then deſcend a 
tion required is that in hic 
of all: now both the Priſms-are to be ſo diſpoſed; 
chat in this Caſe the Light may go horizontally 
out of the Priſm B B. This horizontal Beam, at 


in; and the Situa- 


the diſtance of 15 or 20 Foot, muſt fall upon the 
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the Light is higheſt 


Board T, which is covered witch White Paper, 


and has ſuch a Foot, that upon it ĩt . 
come 


and fixed at different Heights; the 


diverging to the Paper, and upon it form the 
oblong Image RV, terminated at the Sides by 


[ 
. 1 N 
q 
2 
* 


parallel Lines, but ſemicircular at Rand V. 
I the Rays of the Sun chat go thro? che round 
Hole, fall upon a Plane at a certain diſtance, 


they will form a bright round Spot, ſo much the 


greater as the Plane is more diſtant from the 

Hole, which ariſes from the Rays that come 

from the Sides of the . 
| 8 


the Rays enter the Priſm 


854 . | 
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Angle with thoſe that come from its Center to 


the Hole, and interſecting them in the Hole, 


cd 2——— { Þ 
If the Rays did not gothro? the Priſm'BB, and 
the Plane at the diſtance of the Board 


fall upon 

T, the Image of the Sun would have its Diameter 
equal to the — ttt Image VR; which 
853 Breadth is not alter'd by the RefraRtion, becauſe 


icular to its 
Axis, and in reſpect of the Breadth of the Image, 


are not inclined to It. But as in another ref] 


the Image of the Sun is oblong, it follows plainly 
from thence, that all the Rays have not under- 
gone the | ſame Refraction; for homogeneous 
Rays, tho refrafted, will give a round Image 
of the Sun. | The leaſt refrangible Rays go to R, 


and the moſt refrangible to V; and the whole 
Image RV is terminated with Sadoicircles at R 


and V, becauſe the whole Image conſiſts of cir- 
cular Images. Now between Rand V there are 


innumerable Quantities of circular Images, made 


by Rays of all poſſible Refrangibilities ; other- 
wiſe the Image 5 not * W 
withcreQulinear Sides: Ad nn 
CU Hei m 400 4 OS 1 
we have faid that the 
Light is let into the darken'd Room' thro? a Slit 


or an Hole, which we leave to the Contrivance 
of the Warkman ; our an. was 1 n 


t 


nn 


Plan K V. As, 3} We made an Hale 4 Inches 
fauna n the Window - ſhut, vhich on three Sides 
had Ledges of Wood, A B, B C, C D, ſo rabbet- 
ted aste make Grooves to kerp in the ſquare 


flat Piece of Wood QL. "which is ſix Inches 


ee it may be dran out, 


and 


ADD (ns wy ww ow a 


2 


r 
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and ſeveral Sorts of them ſerve for ſeveral Expe- 
riments. That which we uſe in the following Ex- 


periment has a Hollow and a Hole in the middle 


behind to contain a convex Lens, which is the 
Objet-Glaſs of a Teleſcope of 16 or 20 Foot; 
the round Hole in the middle mark'd F is above 
half an Inch in diameter, thro* which the Rays 
of the Sun paſſing through the Glaſs, enter the 
Room. In the fore-part alſo the Board Q is hol- 
low'd, but not in the middle ; this Hollow con- 
tains the braſs round Plate * which towards its 
Circumference has an Hole at 7, which Hole is 
equal to the Hole in the Board Q itſelf, and 
agrees with it. Together with L there is another 
concentric Plate, which is leſs; and moveable 
about the Center; this Plate has ſeveral unequal 
Holes, which ſucceſſively come to f as the Plate 
is turn'd round, ſo that you may at Pleaſure let 
the Light enter a dark Place thro? a bigger or a 
leſſer Hole; which in many Experiments, that 
are made without the Lens above - mention'd, is 
of good uſe. The Pin m, join'd with the Plate, 
ſerves to turn it by. 


20 Let i in a Sun. Beam thro- the 
Lens above-mention'd; throꝰ an Hole a quarter 
of an Inch wide, into the darken'd Room; by 
the Rays thus let in, at the diſtance where pa- 
rallel Rays are collected, the Sun is very exactly 
repreſented, and its Image terminated with exact- 
ly deſcrib'd Bounds ; for the Rays that come 
from the ſeveral Points of the Sun, which by rea- 
ſon of its immenſe diſtance may be look'd upon 
, parallel, are collected! in one Point at that di- 
ance. 

Plate XV. Ng. 2: ] Now if with theſe Rays 
vou make the Experiment above : mentionꝰd, the 
ſeveral Images made by 4 homogeneal Rays, 

Vor. II ſuppoſing 
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114 
terminated ; and therefore the oblong Image 


fraction, the Hole appears in the i 
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the Board at a juſt diſtance, are exactly 


ſuppoling 


RV, which is made of all theſe Images, is like- 
wiſe regularly terminated. 

This Experiment will ſucceed in the ſame man- 
ner, if the Rays paſs thro a Priſm made of any 
Body which is denſer than Air. 


| t 3. Plate XV. Fg. 2.] Let a trian- 
1 Priſm be made of Wood and two Glaſs 

lanes, and filled with Water, ſuch as is repre- 
ſented at BB (Plate XVII. Fig. 3.) If you make 
uſe of this Machine inſtead of he Priſn BB in 
this Fig. the iment will ſucceed in the ſame 
manner; and in paſſing thro' Water, 
neous Rays in the ſame manner are ſeparated by 
Refractions. 


4] If any Perſon ſtanding 15 or 
20 Foot off, ings at the Hole thro' which the 
Light is let in, it will appear round ; but if be- 
— his Eyes he hold a triangular Glaſs Priſm, or 
the watery one mention'd in the laſt Experiment, 
ſo that the Rays coming from the Hole (after 
ſuch Refractions as the Light ſuffers in the fore- 
going Experiment) reach the Eyes, the Hole will 
appear oblong. The Situation of the Priſm will 
N * beides one 
(or the refracting )J u it be a 
little mov d about its Axis, ſo — make the 
1 of the Hole to aſcend and deſcend; and 
the Priſm be held faſt in that Poſition in which 
the Hole appears moſt depreſsd. | 
This Experiment, as well as the 
ones, proves the different Refrangibility of the 
Rays ; for by the homogeneal Rays of each Re- 
imaginary Foci 
of yo 1 coming from the ſeveral I 1 
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the Hole“, which Image is round; the Rays 737 
which undergo a different Refraction, enter the 
Eyes in different Directions; and-you have ſeve- 

ral Images, all which form the oblong Image, 
which is really ſeen. ”) ad. 

But that bis different Refrangibility does not de- $55 
pend upon the reflecting Medium, but the different 
Conſtitution of the Rays themſetves, is prov'd; be- 
cauſe thoſe Rays, which in one Caſe undergo the 
greateſt Refraction, are in any Refraction turn'd 


out of the way more than any. 


Experiment 5. Plate XV. Fig. 4.] All things 
being diſpos'd, as in the firſt Experiment, at any 
diſtance from the Priſm B B, let the oblong 
Image of the Sun fall upon the vertical Priſm 
CC, which is alſo moveable about its Axis; ag 
the Rays go thro? it, let it be turn'd about its 
C Axis, and left fix'd where the Rays are leaſt of 
all turn'd out of the way by Refraction thro' the 
4 Priſm ; in that Caſe the Rays are refracted in the 
ſame manner thro? this Priſm as throꝰ the firſt, 
but they are not diſpos'd the ſame way, for that 
would form a ſquare Image ; but here the Image 
keeping the ſame Breadth, 1s inclin'd at R V, 
the Rays at V being moſtly turn*d out of the 
T as in the Refraction thro? the firſt Priſm 

The Demonſtration, before given“, of the con- 856 
tant and ſettled Ratio between the Sines of the Angles * 639 
F Incidence and Refraftion, may be referr'd io any 
bomoge neous Ray; z but conſidering the different 
Refrangibility of the Rays, this: Proportion va- 
ts it follows from the Experiments of this 

apter. e 8 

But Ihe Rœfrangibility in all the different Sorts of 857 
Rays i every way witchangeable, as will appear by 
ac Experiments to be mention'd Þ £095 

| REES CHAP. 
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CHAP. XIX. 


Concerning the Colours of the Rays, and their 
 DUnchangeableneſs. 


858 HE different Reframgibility of the Rays Lox 
along with the different Colours ; a 

Sri of Rays, as they are more or leſs infle fefied b, 
Refrattion, bave a particular Colour of their own, 

which is wholly unchangeable. 

reſpect of the Colours, the ſame thing is to 
d as has been taken notice of in regard 
other Senſations ; the Colours are Ideas 
Which have nothing common with the Rays, by 
Which they are excited; therefore we muſt define 
Mat we mean by colour'd Rays and colour'd 


* 


502 x 
580, 
6 


. I. 


859 Ss is to be ch a Colour, whoſe 
Alea is excited the Man N Rays 1 * me 


ES Wa 
860 Hens , which ſtriking upon the Retina, 
rpg are called 
a Monks 
n e have ſaid that the Rays excite an Idea, by 


which we underſtand that the Rays t the Fibres 
Motion, and that Motion occa- 


into a 
tons an Idea in the Mind. 

Plate XVI. ph .] It is very evident from the 
8 f the foregoing Chapter, that Rays 


have a different Co- 


— _— thoſe Experi ſhew, that the Image 
2 is tinged with diffe- 
* 4 ks 3 
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rent Colours ; the Rays which are leaſt turn d out 861 
the way by Refrattion are red, the reſt of the Co- 
s are in the fe Order; namely, Orange, 
Yellow, Green, Blue, Purple and Violet ; of which 
laſt Colours are the Rays that are moſt refracted. 
Tbe oblong Image of the Sun above - mention'd, 
as has been ſaid ®, is made up of an innumerable * 353 
antity of round Images ; if their Diameters be 
diminiſt'd (which is done by intercepting the 
Sun's Rays, ſo that only thoſe that come from 
the — of the Sun ſhall paſs thro' the Priſm) 
the Centers of the particular Images which make 
up the oblong Image will not be chang'd, and 
. — thee Leng of the Image à bh between 
parallel Lite lent ahi d; and this alone 
. would remain the ſame, if the Breadth of the 3 
Image ſhould be infinitely diminiſh'd and there. 
fore this Length alone is to be confider'd in de- 
termining the Limits of the Colours in the I- 
mage itſelf ; theſe Colours are 1 in 
this Figure by the Letters «, b, e, d, e, f, g, b; 
and the Number which is ſer down againſt each 
Colour, denotes the Space taken up by it in the 


Image, the whole Length of the Image N di. 
vided into 360 Parts. 


If the Breadth of the oblong Image of the Sun be 4. 862 
mini/'d, the heterogeneous Colours are more ſeparated 
in the Image, becauſe there are fewer particular 


confounded in the ſeveral Points, where 


Images 
Rays of different mn differ little from 
each other. 


The Colour its'R — 86 
——— b-day rm. of l 


mM of the Rays together. © 
In this Chapter 1 ſhall ſpeak of Reflexion und 
—_—_— wy ay in my 


RefraRion, and of the 
| That : 


following one. 
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That the Refrangibility is not chang'd by Re- 
fraction, is prov'd by the 5th Experiment of the 


foregoing Chapter, which may alſo be referr'd 


| Paper, and alſo of the ſame Colour as che Rays 
216 T 


to Colour, but is more clearly evinc'd by the fol- 
lowing Experiment; concerning which it is to 
be obſerv'd (as may be alſo ſaid of what follows) 
that the Experiments are to be made with Priſms 
of clear Glaſs, free ſrom Veins, for they occaſion 
the Light to move irregularly, and the Rays are 


not duly ſeparated by the Refractions. 


Experiment 1. Plate XVI. Fig. 2.] Every thing 
being as in the firſt Experiment of the foregoing 
Chapter, you. muſt make the panes with 
a Sun Beam going thro* an Hole of half an Inch 


diameter; the Frame or Stand 8, in which the 


Priſm is, muſt be ſuch, that the little flat Board 7, 
to be us'd in this Experiment, may move between 
its Sides; this Board has an Hole F of one 8th of 
an Inch Bore, thro? which the Light refracted by 
the Priſm is tranſmitted, — ay oh in 

the oblong Image are better om one 
another, the Rays being moſt] — this 
oblong Image RV, at the di of 10 or 12 
Feet from the Priſm, falls upon the Board / of a 
Stand like the farmer, in which Board alſo there 


zs a ſmall Hole F like that in the firſt, thro" this 


the Ra upon a ſecond Priſm laid upon this 
a in the ſame manner as in 
the firſt 3 by moving the firſt Priſm a little about 
its Axis, the Image R V aſcends or deſcends, 
whereby the different Rays are ſucceſſively tranſ- 


: mitted thro*ithe Hole; in every Caſe, the Rays 


refracted throꝰ the ſecond Priſm, and ſtriking. up- 
on the flat Board T, which is cover'd with, white 
Paper, ant not diſpers'd at H; but the Image is 
round, if che Rays fall perpendicularly upon the 


* 1 falling 
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falling upon the ſecond Priſm ; yet the Image H 
is ſo much the more lifted up, as the Rays by 
RefraQion thro? the firſt Priſm are more turn*d out 
of the way; that is, thoſe that are moſt refrangt- 
ble in the one Caſe, do alſo ſuffer the 8 
Refraction in the other. 


119 


It will appear alſo by the following Experi- 865 


ments, that the Refrangibility and Coloue are 
not 1 by Reflexion. 


E 2. The Rays which, for Exam- 
ple, make * red Part of the oblon colour d 
Image, whatever Body they are reflected from, _ 
are always red'; that is, all Bodies appear 
in that Light; in the Violet Light they are Vio. 
let; Green" in" the" Green: _ be bo ohm 
"This will b ith Vermil 

is will appear by trying it wi ermil- 
lion, © intent, blu Bike "Cloth of 5 
Colour, * | 


Experiment 3. Plate XVI Fg. 3 3 Let the 
Light enter the dark Room thro? obo Holes © 
a quarter of an Inch diameter each, in the rout 
Plate moveable in the Window; let theſe Beams 
be about two Inches aſunder, and — by 
the plane Mirror 8. 

The Plate and Mirror — be ſo apo d, that 
che two Beams may fall upon two Priſms A A, 
which are laid horizontally upon the ſame Frame; * 
ſo that the oblong Image, produ&d' by the Re. 
fraction of thoſe ifm, may touch one änothef 
at their Sides j let one Priſm be turn'd alittle 
about its Axis; that the Red of one Image ge may _ 
de juſt on the fide of the Violet of the other 
let theſe Colours, and none of the reſt, be inter 


\ — 


» 
1 


cepted by a wooden Ruler that has a White Pa- 4 


per paſted upon ir, v tut the Red be RY 


I 4 and 
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and the Violet at V, the reſt of each Image fal- 
ing upon the Wall, which muſt be cover'd with 
a black Cloth. If any Perſon ſtand at O, and 
thro* the Priſm B B looks at thoſe Colours R and 
0 (in the manner deſcrib'd concerning the Hole 
4. of the foregoing Chapter) he will 
22 fee the Colours ſeparated from one another, the 
Red at r, and the Violet at v; which therefore 
being reflected in going thro? the Priſm BB, un- 
— a eee Refraction. 


10 che firſt t of this bh we gave 
. 7 . 1 to ſeparate the heterogeneous 
866 Rays better than in other Experiments; in the 
following rr Lights of divers Colours 
become much more which is re- 
__ in the _ Experiment of this Chapter. 


Plus XVII. Fig. 1.] Let the 
Sun's Lr enter the dark Room thro? an Hole 
of one 8th of an Inch, the Sun Beam muſt be re- 
flected by the Priſm A A to the convex Lens V, 
which ſtands ypon a Foot, and is about 3 or 4 
Inches wide; the of the incident and re- 
flected Rays taken r is about 7 Feet; the 
bog of the Lens is ſuch, that the Foci of 
the Ray s coming from the ſeveral Parts of the 
D or 12 Feet from the 
, will form the Repreſentation of the Hole, 
# 211 oboe held there. Juſt beyond the Lens 
| Priſm B B, — ang” ry 
— mbar of the foreg 1 ter) are 
——5 z now placing — lar Board T at the 
at which the Rays coming from the ſe- 

veral Points are collected, there will fall upon it 
a well terminated oblong colour d Image R V, 
whoſe Length will have à greater Proportion to 
1 n * 


_ 


"ANSP +. 
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therefore is made up of Rays more hom 
ous®, and ſo much th leſs mird as the Hole in in * 862 
the Window is the leſs; by moving forward or | 
bagkward the Board T, one may find the Di- 
ſtance at which the Image is moſt —— and 
terminated wihout the Penumbra. 
= 
Row that the Rays ſeparated in this Experi- 

ment are; mogẽgeous enough, is prov'd from 
this, thał Rey can be no more difpers'd by a new 
Refraction; and that this is the — of ho- 
mogeneous Rays, follows from their equal Re- 
fangibility, which has been already confirm'd by 

n Experiment“, and is more fully demonſtrated » 86g 

| oy the following one. . 


Experiment 6 J Take two | Circles of Paper of 
an Inch diameter-each, and let Light fall upon 
them in ſuch a manner, that the one may have 
the homogeneous Rays of any Colour fall upon 
it, and the other may be enlighten'd by the Rays 
of the Sun; if both theſe Papers be look'd at 
thro' the Priſm at the diſtance of ſome Feet, as 
in the third Experiment of this Chapter, the Cir- 
ele enlighten'd by the heterogeneous Light ap- 
pears oblong, and ting'd with different Colours, 
as in the fourth Experiment of the foregoing 
Chapter; but neither the Colour nor Fi igure of 
the other Circle is chang'd. 


Experiment 6 J Upon a white Paper draw black 
Lines parallel to one — and about the 16tR 
Part of an Inch wide; let theſe be enlighteged, 
by throwing upon the Paper the oblong Image, 
which is deſcrib'd in the fourth Experiment, ſo 
that the Lines may lie long: wiſe in the Image; 
beſides this, you muſt have a convex Lens, about 
5 or 6 Inches wide, ſuſtain d upon a Foot, ſuch 


8 


9 : . F 
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| as are preſented at V (Plate XIX. Fig. 2.) which 
colle&s the red Rays chat come from a radiant 
Point ſix Foot diſtant from the Glaſs, at an equal 
diſtance on the other ſide. If this Lens be plac'd 
| at the diſtance of ſix Feet from the Image above- 
| | mention'd, the Parts of the black Lings that are 
| enlighten'd by the Red falling upon the Paper, 
| by means of the Rays which are col! by-the 
| Lens, will be exactly repreſented in the red Image 
4 at the diſtance of ſix Feet; but you tft bring 
| | the Pa per Seward about 3 Inches and a hall, to 
| make — Parts in the Lines which are enlight- 
| *  ened by the Purple, to appear diſtin&' in that 
| | Part of the Image which is of the ſame Coloyr. 
The intermediate Colours give Images at inter- 
mediate Hiſtances; the Violet is ſo weak, that 
the Threads cannot be repreſented in it. 


This Experiment does alſo confirm, that the 
Colour of reflected Rays is not chang' d by a new 
Refraction thro? the Lens; as alſo that the moſt. 
refrangible Rays are more inflected than the 
oghcrs.in paſſing thro* the Lens. n . 


867 This laſt Experiment does alſo prove, that 1 
different Refrangibiliry of the Rays is the Cauſe ibat 
hinder «the Parfum of Teleſcopes ; for the Foci of 
the Points that are equally diſtant, fall at Affe! 
rent Diſtances from the Lens, according to their 

| different Colours; whence all the Repreſenta- + 

nons che Points are unequally diſtant frota the 
laſs, and therefore they cannot be all Pert 

2 thro? it. 

Concerning the Reflexion of the Rays, it is to 

, i obſerv'd, that thoſe Rays are more eafi reflects 

ed totally w»hich have the greateſt Refrangibility; fot 
the r is the Refraction of the 1 che leſs 


* 


2 


ow 
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Obliquity i is required to make them be Totally 
reflected . | 793 


Experiments 7.] Take a Priſm, plac'd as be: 
2 *, in the Kg where it was obſerv'd, 790 
moving the Priſm about its“ Axis, the 
pn s that firſt went thro*, when their Inclination 
is bones By become wholly refleFed ;- but if the 
Priſm he gently moy*d in this Caſe, we ſhall per- 
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ceive thap the Violet Rays are the firſt which will 
be wholly reflected, then the Purple Rays, and 
all the zeſt in the ſame Order as they are in the 
oblong mage of the Sun ſo often mention'd 
which appears if the reflected Rays be ſeparated 


1 che R ration of the Priſm. 


CHAP. XX. 


5 the Mi xture of Colours, where wwe Rat 
pPeal of Wihiteneſs. 


"Hat the Refrangibility and Colour of the 869 
Rays are not chang'd by the. Mixturg 


Rays of IFerent Refrangibility, has already been 
ſaid ®, and now we muſt prove it by Experiments. 63 


„er I, Plate XVI. Fg. 3.] This Ex 
periment muſt be made in the ſame manner as the 


third of the foregoing Chapter; here you muſt 
make the Red R, and the Violet V. he confound- 


ed and mix'd together, by chrowingethay upon 


the fame Part of the Ruler LL, wine Fabercby 


will appear of a Purple Colour in that Place; 

but if a Perſon looks at them thro? a Prifin, the. 
Colours will appear ſeparated; and therefore nei- 
ther the Colour nor bie are Ka; 


by * Confuſiop of Colours. * 
ne- 
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ment 2. Plate XVII. Fig. 2.] If the ob- 
long colour'd Image of the Sun (of which men- 
tion was made in the firſt Experiment of the 181 
Chap.) falls at R V upon the convex Lens L, 
mention'd in iment 4. of the foregoing Chap. 
which muſt be plac'd at 6 or 7 Foot from the 
Priſm BB, the divergent Rays will converge by 
the Refraction of the Lens, and interſect one ano- 
ther at the diſtance of 9 or 10 Feet at A; if the 
Board I be plac'd at a greater diſtance, the Rays, 
which diverge again after the Interſection, will 
fall upon it diſpers'd, and you will again have an 
oblong colour'd Image; but the Colours, by rea- 
fon of the InterſeCtion at A, will appear in a con- 
trary Order, and will not be chang'd by having 
been mix'd together at A. 


Experiment 3. Plate XVII. Fig. 2.] Every 
thing ſtill remaining as in the former Experiment, 
if with a black Paper you intercept ſome of the 
Rays of the Image R V, which changes the Mix- 
ture (which this way may be vary'd in any man- 
ner) the Colours of the other Rays, that are again 
ſeparated, are no way chang'd. 

850 If the Rays of the Sun, as they come to us, are 
wholly reflected by any Body, that Body appears 

-* white; but theſe Rays are an Heap, or Parcel of 
* $47 Rays of various Colours“; whence we deduce, 
— 5 that a Mixture e different Colours makes a White- 
71 neſs ; for if the Colours which are obſerv'd in the 
oblong Image of the Sun, fo often mention*d, be 
mix*d and confounded together, in the fame Pro- 
portion as they are in that Image, a Whiteneſs 
will be produc'd ; which alſo proves, that in that 
reſpect the Rays are unchangeable : the Rays that 
come from the Sun appear white; but if they are 
ſeparated, their Colours are diſcover'd ; _ 

1 
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they be mix'd again, the Whiteneſs will be re- 
ſtored. 


Experiment 4. Plate XVII. Fig. 2.] Things be- 
ing diſpos'd as in the two foregoing Experiments, 
let the Board T be plac'd at A, in the very Place 
where all the Rays of the Image R V are con- 
founded together, there will be a Whiteneſs at A; 
if with a black Paper you intercept the Red of the 
Image RV, the White will vaniſh, and the Co- 
lour at A be bluiſh; but if you intercept the vio- 
let and blue Rays, the White becomes reddiſh. , 


Experiment g. Plate XVII. Fig. 3.] Take three 
triangular Priſms, made of Wood and Plates of 
Glaſs which contain Water, as BB, DD, DD; 
the Plates of Glaſs in each of them make an An- 
gle of about 70 Degrees; the Length of the Plate 
is of 6 or 7 Inches, and their Breadth of 3 Inches; 
theſe Plates are fix'd in another manner in the 
Priſms DD, DD, than in the Priſm B B, ſo as 
to make their Baſes bigger; that is, theſe Priſms 
are ſnorter and deeper than the other. Let the 
Sun's Rays be refracted thro? the Priſm B B, as 
in Experiment 3. of Chap. 18. and let the oblong 

of the Sun at the diſtance of 3 or 4 Foot 

fall upon the Surface of the Priſm DD, plac'd 
parallel to the Surface of the Priſm B B, out of 
which the Rays go. In the ſecond Priſm the 
Rays undergo a contrary Refraction than in the 
rf, becauſe of the Paralleliſm above-mention'd ; 
and | becauſe the Edge of the Angle, form'd by 
the Glaſs Plates in the Priſm B B, is turn'd up- 
wards, and that of DD downwards; therefore 
the firſt Refraction is deſtroy'd by the ſecond, 
and the Rays go out of the Priſm DD parallel to 
one another, and fall upon RV; for if the Priſms 


be brought together, ſo that the parallel Surfaces 
may 
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may touch one another, the Light will paſs thro? 
a Medium terminated with parallel Planes (which 
is form'd by the two Priſms join'd together) thro? 
which Light, of any degree of Retrangibility, 


* 628 will paſs without change of Direction“. Now the 


Priſms are ſeparated, that the heterogeneous Rays 
may be ſeparated before they again become pa- 
rallel ; if theſe colour'd Rays fall upon the third 
Priſm D D, and in paſſing thro? it undergo a 
RefraQion like that which they have undergone 
in paſling thro* the firſt or ſecond Priſm, the 
Rays that go out at 7 v converge, on account of 
unequal Refractions in Rays of different Colours, 
and concur at A, in which Place alſo Whiteneſs 


will be produc'd, as in the foregoing Experiment. 


ment 6.) If an oblong colour'd Image of 
the Sun be made after the manner deſcrib'd in Ex- 
perriment 1. Chap. 18. and a Perſon ſtanding at 
the diſtance of the Priſm that refracts the Light, 
looks at the Image thro? the ſaid Priſm, as was 
done in reſpect of the Hole in the fourth Experi- 
ment of the ſame Chapter, he will ſee a round and 
white Image, the ſecond Refraction deſtroying 
the firſt ; for thereby the Rays being again mix- 
ed, enter the Eye, and in this Cafe make the 
Object appear white. WS 


872 The Mixture of all the Colours which are obſerv d 
in the oblong Image of the Sum is not neceſſary for pro- 
ducing M bite; the Whiteneſs of the Sun's Rays is 
a little inclin'd to yellow; and therefore if part 
of the yellow Rays be taken out of the Mixture, 
the White will be the more perfect. From the 
Mixture of four or five Colours in a juſt Propor- 
tion White will be produc'd. 7s Roa 


* - + 4 o 
l - 
* 
1 
_ 
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Primary, that is, homogeneous, Colowrs being 873 
mix*d, produce innumerable Colours, different from 

the primary or homogeneous ones. From a Mixture 

of other Colours one may produce a Colour like 
that which is homogeneous ; but when there can 

be no difference obſerv d by the naked Eye between an 
bomogeneous and à mix d Colour, one may perceive a 
ſenſible difference thro? a Priſm. 


Experiment 7. ] Thro' a Priſm look at any ſmall 874 
Objects, ſuch as Letters upon Paper, Flies, and 
other ſuch things; if they be expos'd to the com- 
mon open Light, they will appear confus'd ; but 
if they be enlighten'd by the homogeneous Light 
of the fourth Experiment of this Chapter, they 
will appear diſtinct when ſeen thro? the Priſm. 


—— — — om —— _ — 


c HAP. XXI 
Of the Rainbow. 


— _ —— 


Aving made an end of conſidering what re- 
lates to the Rays, whereby Bodies are en- 
lighten d; before we leave this Subje&t, we muſt 
explain a Phenomenon, which is too remarkable 
and common to be palt by in Silence. 
The Tris or Rai is what every Body has 
often ſeen ; we muſt explain what is the Cauſe of 
it, having firſt laid down ſome things for that 
Purpoſe. © - K — 
Plate XVIII. N. 1.] Lu there be a denſe Me. g, 
dium 7d with à rarer, terminated by the 75 
Circie B D FH ; let homogeneous Rays that are pa- 
raliel to one another fall upon it, and let AB be one 
of theſe Rays; let the Semidu meter C B be drawn 
and continu*d to N, it will be perpendicular _ 
e 


—— a WO — wer” — 
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. - the Surſace the Mediums; ABN 
oY ES Bog — this Angle 
1s equal to the oppoſite vertical Angle CB L, 
whoſe Sine is C ular to B L, and 
- going thro? the Center 3 the Ray is refracled to- 
* 624 wards the P ular , and CBM is the An- 
gle of Refrattion, whoſe Sine is CM drawn from 
perpendicular to BD: there is the ſame Pro- 
rens! for 
5 as there is for AB. The Ray BD 
in part penetrate into the rarer Medium in 
the Direction D E, and is in. part reflected along 
DF, and makes the Angle of Reflexion C D F 
equal to the Angle of Incidence B DC; whence 
BD and DF are equal. The Ray D F does alſo 
pe! nearer the denſer Medium along F G, 
is in part reflected along FH; which in the 
ſame manner does in part g chro H 1, and is in 
reflected: But this Reflex jon, and other 
Reflexions and Re fractions; we ſhall not 
_ conlider; they are too weak, on account of the 
ſeveral Diviſions that the Light has undergone. 


Plate XVIII. Fe. 3.] The Ray F G, which 
after one Reflexion goes our of a denſer Medium, 
makes the GPA with the incident Ray 
A, which varies in different incident Rays; 
therefore tho' theſe Rays ſhould be parallel, zbey 
"will be ſeatter'd uber they y out, phy ons, 
as maꝝ be ſeen by the ſecond Figure. 


The Ray EE, which being i 
thro* the Center C, 2 
* gas cither by Refiexioo or Reffagten e. | 
629. A you recede from this Ray, the returning 
M4 Ray ks commnatty leſs and ka incdin'd tothe in, 
 __ -»»cident one. -So the Ray DD, which goes out 
of a denſer Medium along d d, and returns a- 
long the Line, — . 


& 2 
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than the intermediate Rays between DD and 
EE do make with their returning Rays, which 
go out of the denſer Medium. _ 3 
Let BB be a Ray, in reſpect of which this 876 
Inclination is the leaſt of all, that is, which 
makes the Angle G P A (Fg. 1.) the biggeſt of 
all. Beyond B B the returning Rays are more 
inclin'd to the incident ones; thus A A returns 
darch Die dss of th rilariie Rey ih 8 
rom on be returning Rays re- 87 
ceding from the denſer Medium, they 2 0 " 
continually weaker and weaker, and their Colour 
cannot be perceived throughout the whale Space which 
they fill, tho? the Colour of the incident Rays 
be vivid. The Colour in the returning Rays is on! 
ſenſible, where the neighbouring Rays are Da, 
and thoſe next to them diverge out very little; 
ſo that at a great Diſtance they are denſe enough g 
to be perceiv d. Theſe only are ſaid Ie be efficacious, 
and will be ſuch, -when the incident Rays which 
are near one another, being refracted, concur, in | 
the very Point of Reflexion. 
Plate XVIII. Fig. 3.] Let AB, ab, be neigh- 
bouring Rays parallel to one another, falling up 
on a circular Surface that terminates a denſer 
Medium; if theſe being refracted along BD, 5d, 
do concur in D the Point of Reflexion, the re- 
fleted ones DF, Df, vill make the fame Angles 
with one another as the incident ones DB, Db; | 
therefore the refracted Rays FG, g, will be pa- 
rallel * and efficacious . In this Caſe the follow- *%27 
ing Method will ſerve to determine the Angle 877 
made by the incident Ray with the returning 
one; that is, the Angle AP G, which here 1s 
the greateſt of all. ee 
Let us call the Ratio of I to R, that which 878 
is found between the Sines of the Angle of In- 
cidence and Nefraction, when the Light goes 
Vo I. II. _” out 
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out of a rarer Medium, by which a denſer is en- 
compaſs'd, into a denſer contain'd in the Circle 

.. itſelf; therefore having drawn C perpendicular 
| 10 5 D, and the Arc mn with the Center C and 


Semidiameter C, 
EN, 'CM:: C1, Cn:iCL—CiEL, 


MCM 
Draw Bo perpendicular to BL, and alſo By 
icular to BD; and draw þ p, fo that it 
may make a right le with Bp; laſtly, join 
together by Lines the Points B, C, and M, n, 
the Triangles BD, BC L. are fimilar ; for 
are rectangular, and the Angles o B * CB 
(the difference of each of which a right 
_ Angle is the Angle oBC) are equal. 

It may be prov d in the ſame manner, that the 
Triangle BM C and Bp are ſimilar; the Tri- 
angle Mm z, which is rectangular at u, is alſo WW | 
fiinilar to This; for the Sides M B p, which are 
perpendicular to the Line BD, are parallel; as 
alſo M m and Bo, 'becauſe the Lines B D, bD, 
are biſcfted at M and wm into equal Fafts; there- 
fore alſo Bh is the Double of = and By tie 


Double of # . — 

Hence RE ' IIS / 

Shes. PE PL new. d 
| "BC BB, By. t 
Tee . 


BL. B M:: Bo=LF, BBM 
Np 2 CL, 2 CM, 5 
rtions with the aforeſaid Proportion. 
Now ſince the Squares of proportional 
"Hikes are themſelves propo , you will art 
BL, CL*: : BM 4CM 

| Whence we deduce | 
- — BL*+ CL*:: Be, Bi: BM ACN. 
= BO + 3 CM., BM = BO CM = 
BLxLO CM" OY HOT oa 
By 


S'N 5 © 
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By ſubtracting the firſt and ſecond Term from 
the third and fourth (which does not change the 
Proportion) you will have 

B Ca, BLA, ::3CMs, L Ca—CM),, :: 3 
Ri, IA -R; for there is the ſame Ratio be- 
tween'C M and L C as between R and I. 

If therefore you know the Ratio between R 
and I, you have the Ratio between the Semidia- 
meter B C, and the Line BL, which is the Sine 
of the Angle BC L, which Angle therefore is 
given, and by conſequence you have the Arc BN, 
and alſo F G, for they are equal. 

Having the Sine BL, you have alſo the Sine 
of the Angle BCM ; becauſe (as we have ſhewn 


before) | 

BL, BM::: I, 2R. 
Therefore the Arc B D is determin'd, to which 
DF is equal. 


Hence we may eaſily find the Arcs N H and 879 


BF; if the former be taken out of the latter, 
and the Remainder be divided into two equal 
Parts, we ſhall have, as is well known, the Mea- 
ſure of the Angle AP G. | 

When the Ratio between I and R varies, the 
Angle A PG is chang'd, which therefore becomes 
different, according to the different Refrangibili- 
ty of the Rays. N 

If the aboveſaid Surface be enlighten' d by hetero- $80 
geneous Rays, as they flow from the Sun, 7he e- 
cacious Rays of different Colours do not make equal 
Angles with the incident ones, and ſo by the belp of 
this Refrattion the' Colours are ſeparated. 


Plate XVIII. Rg. 4. Experiment 1.] Let the 
Sun's Light enter the dark Chamber thro” a Slit 
in the moveable round Plate O, and being hori- 
zontally reflected from the Looking - glaſs 8, let 
it paſs throꝰ a Slit little Board or Stand T; 

| 2 
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* 630 as has been before explain'd. * Take a Phial ex- 
actly cylindric, made of clear Glaſs, and full of 
Water; let the Beam or Ray at f g fall upon the 
Surface of the Phial, it will be: refracted in the 
Water towards h i, and there reflected, and will 

r the Phial may be eaſi · | 

y ſo plac'd as to make theſe Rays efficacious ; 

and becauſe of the Breadth of the incident Ray or 
Beam, efficacious Rays of all Colours will go out 

of the Phial in the ſame time, for they are very 

little diſtant from one another in their Incidence; { 

if theſe efficacious Rays fall upon a white Paper, I 

at the diſtance of four or five Feet from the Phial, \ 

they will produce vertical Faſciæ or Pillars, of t 

various homogeneous Colours, ariſing from the 8 

efficacious Rays of each Colour; if alſo the Eye 

be plac'd any where at the diſtance of ſome Feet 

from the Phial, as at N, in theſe efficacious Rays, 

it will ſee in the Phial that Colour whoſe Rays 

enter the Eye, and by a fucceſſive Motion of the 

Eye it will av gw all the afore-mention'd Co- 

961 lours .“. 

881 Plate XVIII. Fig. 5 Þ But 25 to thoſe Rays, 

which after a double Refraction in a denſer Me- 

dium emerge, they will be efficacious if t 

parallel after the firſt Reflex ion; for then F H. 

Fb, are in the ſame manner inclin'd to H h as BD, 

6d, to Bb; and therefore ſuppoſing the incident 

Rays AB, 4b, to be parallel, ho emerging Rage 

* 927 H 4 bt; will alſo be parallel“. 

In this Caſe 4D is half of the difference be- 

tween the Arcs DE and df, or DB and d h, but 

their difference is BÞ—D4 if therefore this laſt 

be ſubtracted from the other, there will remain 

the Double af the Arc D d, whoſe Triple _ 

fore is Bb. If by Lines the Points D, d, and B, b, pet 

be join'd, the Triangles BEL and DE4 will be the 

1 as is known 3 pu . be 
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tho? the Arcs Bb, Dad, be ſo very ſmall, that 

they may be taken for right Lines. | 
There is therefore that Ratio between E D and 
Eb, which obtains between theſe Arcs, that is, 
E D is the third Part of E b, or E B; becauſe we 
ſuppoſe the Arc Bb to be extremely ſmall. MD 
therefore is divided into two equal Parts at E; 
and M E is a third Part of EB. 

Now if (as in Fg. 3.) the Triangles Bob, 
Bpb, and Mmn, be form'd, Mm will be the 
third Part of Bb, and Bp the Triple of M; 
now if, mutatis mutandis, we apply to this Figure 
what was demonſtrated with reſpect to Hig. 3. * + g-g 
becauſe in this Bp is equal to 3 M, whoſe 
Square is 9 Mu, we ſhall have 
| BC“, BL* :: 8 R, 11 R. 

From which Proportion, as was ſaid of Fig. 3. 

the Arc B N may be diſcover'd to which ä HG 

is equal; and becauſe in this Caſe | 
BL, BM: : I, 3 R, 

You have alſo the Arc BD, to which (becauſe 

the Angles of Reflexion are equal to the Angles 

of Incidence) * DF and F H are equal. "EET 

From which things being found, we may eaſily gg , * 
deduce the Arcs GF DN, and B H, whoſe half 
Difference is the Meaſure of the Angle HP B, 
which is form'd by the emerging Ray with the 
incident one; which Angle in this Caſe is the 
leaſt of all that are like it, and is different accord- 
ing to the different Refrangibility of the Rays; 
whence alſo in this Caſe the efficacious Rays of va- 883 
r10us Colours, ſuppoſing the incident ones parallel, are 


ſeparated after a double Reflexion. 
Fig. 4. Experiment 2.1 This Ex- 


Plate XVIII. 

periment is perform'd after the ſame manner as 

the former, only the Situation of the Phial muſt 

be a little chang' d, that a_ two Reflexions 4. 
3 N 
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the Phial, the Rays may come to the Eye or 
Paper towards N. 


$84 hat has been hitherto explain d, may be ap- 


plied to the Rainbow ; for which Phænomenon it 
ts required, that Drops of Water ſhould be ſuſpended 

in the Air; that the Spectator ſbould be placed with 
bis Back towards the $ un, between it and the Drops; 
ard that there ſhould be à dark Claud behind the 
Drops, that the Colours may be more ſenſible, 
which are ſcarcely perceiv'd if vivid Light enters 
the Eye at the ſame 5 

If, theſe things being ſuppos'd, we conceive 
each Drop to be cut - Planes paſling thro? the 
Sun and the Eye of the Spectator, what has been 
demonſtrated of a Medium terminated with a cir- 

* 878, cular Surface, may be applied to each of theſe 
879, Sections. 

880, . Now here we. ſpeak of Rays that penetrate out 
882 Of Air into Water. In red Rays, that is, thoſe 
883. which are leaſt of all refrangible, the Ratio be- 

tween the Sine of the Angle of Incidence and the 

Sine of the Angle of Refraction, that is, between 

I and R, is that of 108 to 81; or which is the 
ſame, of 4 to 33; with which Numbers if the 
Computation be made, the Angle AP G (Fig. 3.) 

* 879 will be 42 Deg. 2 Min.“, and the Angle API 
* 88: (Fig. 4.) will be go Deg. 57 Min. * If we ſpeak 
of the Violet Rays, land R are to one another as 

109 to 81; which Numbers give the Angles 

* 879 APG (Fe. 3.) of 40 Deg. 17 Min.“, and API 

* g82 (Fig. 4.) of 54 Deg. 7 Min. * 

'd 


Plate XIX. Ek. 1 ] Let the Drops be ſuppos 
to be diffus'd in the Air, and enlighten'd by the 
Sun's Rays, which are parallel to one another, 
and to the Line O F, that paſſes thro* the Eye of 
the Spectator. Let the Lines e O, EO, 50, BO, 
be conceiv*d to be drawn; and let the ne 

a1 e "A | 0 


Book III. of Natural Philoſophy. 135 


of the following 287 be thus, (viz.) eO F of 
40 Deg. 17 Min. E Deg. 2 Min. 5 O F 
50 Deg. 57 Min. BOF 2, Min. Theſe 
fame Lines, with the incident ma de, DE, ab, 
AB, form Angles that are reſpectively equal to 
the afore-mention*d ; therefore if the Drops be 
conceiv'd at e, E, b, B, the Violet efficacious 
Rays, after one Reflexion in the Drop e, enter 
the Eye, and the red efficacious Rays come to the 
Eye from the Drop E; in like manner, after one 
Reflexion the other intermed] late Colours are ob- 
ſerv*'d between e and E in the above-mention'd 
Order *.- After two Reflexiqgs in the Drop, the g6, 
efficacious red Rays.come to Eye from the 
Drop s; and the 5 Violet ones from the 
Drop B; the intermediate Colours appear be- 
tween theſe Dr ps after the ſame manner as be- 
tween E, e; but they are diſpos'd in a contrary 
Ordey, and by N of their double Reflexion 

are alſo weaker. 

Let us conceive a Line at Oe to be revolv'd 
about a fixed Line O F, preſerving the Angle 
OF, and to form a Cone, or part ofgg conic 
Surface; in every Situation the Line e O will, 
with the Rays of the Sun that are parallel to one 
another, to the Line O F, form an An vgle 
<4 Deg. 17 Min. If therefore the Drops be aif- 885 
fus'd near part of the Surface of this Cone, at the 
fame or different Diſtances, the Eye will ſee a Vio- 
let Arc or Bow. The ſame may be ſaid of the 
other Colours; and therefore Drops being ſuſ- 
Wer in the Air, it ſees an Arc or Bow of the 

eadth e E, ting d with the homogeneous. Colours 

before mention d“, 4 that are diſpos'd in the fame „61 
Order as in the Experiments with Priſms ; be- 
cauſe the heterogeneous Rays are ſeparated as 
much in the Drops as in the Priſm “. 2852 


. 115080 880 
—_— By 
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886 By the ſame way of reaſoning it is plain there 


- lJours are tranſmitted, 


will be a broader Arc or 7 the firſt, 
in which the ſame Colours will appear in a contrary 
Order, and weaker, | 


Experiment 3.) Hang up a black Cloth in the 
Light of the Sun, and let a Spectator look at it 
ſtanding between the Sun and the Cloth; then if 
Water be made to fall in ſmall Drops between 
the SpeRator and the Cloth, the Spectator will 
ſee a Rainbow, at leaſt the inner one, 


— e 9 — —— 
Of the Colours of thin Pla. 


W. paſs on to the Colours of natural Bo- 
dies; and before we go any farther, we 
think it proper to examine thin Plates. Whoever 
attentively has obſery*'d very thin Glaſs, or Bub- 
bles made of Water thicken'd with Soap, muſt 
have iv'd ſeveral Colours in them, Rays of 
Light, by help of a thin tranſparent Plate, are 
ſeparated from one another, and according to the 
defferent thickneſs of the Plate, the Rays of ſome Co- 
and thoſe of others are reflieRt- 
ed; and the ſame very thin Plate is of another Co- 
lour, when ſeen by the tranſmitted Rays, than when 
een, ty ine refleties ene. | | 45 
Experiment 1. Plate XVIII. Fig, 6.] Take two 
Iv J belonging to long Teleſcopes, A B 
' and CD, and let one of them be laid upon the 
other ; then let them be preſs'd together hard, 
and in the middle, Where the Glaſſes touch one 


another, you will ſee a tranſparent Spot, which 


E 
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Light reflected by the Air that is between the 
Glaſſes comes to the Eye at O, there will ap- 
pear a black Spot; and the Colours, which, as 
you recede from the Center, are ſo diſpoſed, 
that by reaſon of the ſame Colours coming over 
again, they may be referr*d to ſeveral Orders, 
will be as follows: BLACK, Blue, White, Yel- 
low, Red; VIOLET, Blue, Green, Yellow, 
Red : PURPLE, Blue, Green, Yellow, Red : 
GREEN, Red; which Colours are all encom- 
paſs'd with other Colours; but as you recede 
from the Center, grow continually weaker and 
weaker, | - 

If the Light paſſes thro* the Glaſs to the Eye 
at O, the tranſparent Spot which. tranſmits all 
the Rays is white; and by that Series, as you re- 
cede from the Center, there will appear Colours, 
which are alſo referr'd to ſeveral Orders contrary 
to thoſe above-mention*d: WHITE, yellowiſh 
Red, Black, Violet, Blue: WHITE, Yellow, 
Red, Violet, Blue: GREEN, Yellow, Red, 
bluiſh Green: RED, bluiſh Green, which are 
alſo encompaſs'd with weaker Colours. 


it 2.] Blow up Soap'd-water into a 
Bubble, to form a thin Plate of Water; let this 
be cover'd with a clear Glaſs, leſt by the 
Agitation of the Air the Colours to be obſerv'd 
in that Bubble ſhould be confounded by the Mo- 
tion of the Water ; ſuch a Bubble, becauſe rhe 
Water continually runs down every way, is very 
thin at top, and the thickneſs in going down is 
continually increas'd z and for the ſame reaſon 
the thickneſs of the whole is continually dimi- 
niſh'd'; before the Bubble breaks, the top of it 
becomes ſo thin as to tranſmit the whole Light, 
and appear black; if in that Caſe the Bubble be 


aa. ls! rellected Light, when it is calight 
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en'd by the Reflexion of a whitiſh Sky, and the 
extraneous Light is intercepted by placing any 
black Body behind the Bubble, the black Spot 
above-mention'd will appear, and be encompaſs'd 
with the ſame colour'd Circles, diſpoſed in the 
ſame Order as about the black Spot in the former 
Experiment; as the Water deſcends, the Rings 
are continually dilated till the Bubble burſts, _ 
When the extreme Circumference of the Bub- 
ble appears red by the reflected Rays, if it be 
look'd at fo as to be ſeen by the tranſmitted Rays, 
it will appear blue; and generally the Colours 
produc'd by tranſmitted and reflected Rays, in 
the ſame manner as in the foregoing Experiment, 
are oppolite to one another. | 
888 By comparing theſe Experiments, it follows, 
that if wwe increaſe the thickneſs of a very thin Plate, 
its Colour will be chang'd, and there will be the ſame 
Changes ſucceſſroely, and in the ſame Order, whether 
the Plate be form d out of a rarer or a denſer Medi- 
um; for in the Plate of Air, between the Glaſſes, 
and the watery one in the Bubble, whoſe thick- 
| neſs increaſes as it goes farther from the middle, 
the Colours will be in the ſame Order; yet in 4 
889 denſer Plate a leſs thickneſs is regui d than in a rarer 
to have it ting'd with the ſame Colour. 


Experiment 3.] Every thing being diſpoſed as 
in Experiment 1. > wet the Race 0 the 
Glaſſes a little on one ſide, the Water will by de- 
grees inſinuate itſelf between the Glaſſes, and 
re will be obſerv'd the ſame colour'd Circles 
| as in the Air, neither will their Order be chang'd, 
| but the Circles will be leſs ; when the Water is 

ot as far as the Center, all the Portions of the 
ircles in the Water will be ſeparated from the 
Portions of the Circles in the Air, and be all re- 
duc d into a leſs Space. "4" WA 


Book III. of Natural Philo 


139 


The Colour of a Plate depends upon its Thickneſ; * 890 


Experiment 4.] If you take a Piece of Iſing- 
laſs or Talk, ſo thin as to have it colour'd, the 
Colours will not be chang'd by wetting it; that 
i, if inſtead of Air the Plate is encompaſsd with 
ater. 


and Denſity, and not upon the encompaſſing Medium. — 


The Colour of the ſame Plate is ſo much the more 891 


vivid, as its Denſity 4 buy more from the Denſity of 
the circumambient Medium. This is prov'd by the 
foregoing Experiment, in which the Colours of 
the Plate, when wet, are more languid than thoſe 
of the ſame Plate encompaſs'd with Air. In the 
third Experiment alſo the Colours are leſs vivid 
than in the ſecond ; in both there is a Plate of 
Water ; but in the ſecond Experiment it is in- 
cloſed with Air, and in the other with Glaſs; but 
Water and Glaſs differ leſs in Denſity than Air 
and Water. 


If Mediums equally differ in Denſity, the Colours gz 


Twill be more vivid if the denſer be encompaſs'd with 
the rarer ; for a very thin Glaſs Plate, which is 
colour'd on account of its thinneſs, being encom- 
paſs'd with Air, the Colours will be more vivid 
than in Experiment 1. in which a Plate of Air is 
encompaſs d with Glaſs. 

A Plate of the ſame Denſity, encompaſs'd with the 
ſame Medium, will reflect ſo much the more Light as 
it is thinner ; yet if the thickneſs be too much dimi- 
nſh*d, it does not reflect the Light. All this is plain 
from the foregoing Experiments; in the three 
firſt, the colour'd Circles, which are the leaſt, 
and which are alſo the thinneſt, refle& Light beſt 
of any but in the Center, where the Spot is the 
thinneſt of all, there is no ſenſible Reflexion; as 
this clearly appears in the ſecond. In the firſt 
chere is allo a very thin Plate of Air, which does 


not 


| 


893 
894 


| 
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not reflect Light; for the tranſparent Spot in the 
Center is much bigger than thoſe Parts of the 
Surfaces of the Glaſſes, which immediately touch 
by the yielding inwards of the compreſs'd Parts. 

898 Af there are Plates of the ſame Medium, whoſe 
Thickneſſes are in an arithmetical Progreſſion of the 
natural Numbers 1, 2, 3, 4, 5, 6, 7, Sc. if the 
thinneſt of them all reflects any bomogeneous Rays, the 
ſecond will tranſmit the ſame, the third again will 
reflect them, and the Rays will be alternately re- 
fleted and tranſmitted ; that is, the Plates whoſe 
Thickneſſes in the above-mention'd Progreſſion 
anſwer to the odd Numbers 1, 3, 5, oy re- 
flect the Rays which the others tranſmit, whoſe 
For 4. anſwer to the even Numbers 2, 4, 

» 8, Oc. 

This Property of the Plates obtains in reſpect 
of any Sort of homogeneous Rays, with this dif- 
ference, that different Thickneſſes are required 

* g87 for different Colours, as has been ſaid before“; 
the thinneſt of all for reflecting Violet, and they 
muſt be the thickeſt for reflecting Red; if the 

Thickneſſes are intermediate, the Rays of an in- 

termediate Refrangibility are reflected; that is, 

896 4s the Refrangibility of the Ray increaſes, the Thick- 
neſs of the Plate that reflects it is diminiſb d. 


6 77 t 5. ] Let the Experiment be made 

in a dark Room to produce 8 Image of 
the Sun upon a Paper, ſuch as is mention'd in 
Experiment 1. Chap. 18. Take two Object: glaſſes 
of long Teleſcopes (ſuch as were mention'd in the 
firſt riment of this Chapter) let them be 
preſs*d together, and fo diſpoſed, that every ſin- 
gle Colour of the Image above-mention'd may be 
ſucceſſiyely ſeen in them as in a Looking-glaſs 3 
that is, that the Glaſſes may be ſucceſſively en- 
lighten'd by ſeveral homogeneous Rays; which 
| may 
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may be done by gently moving about its Axis 
the Priſm that ſeparates the Rays to make the 
oblong Image. The Rings mention'd in the firſt 
Experiment appear, but more in Number, and 
only of one Colour, by reaſon of the Unchange- 
ableneſs in homogeneous Rays“; in the Inter- 63 
ſtices of thoſe Rings the Rays are tranſmitted, as 
plainly appears by holding a Paper behind, upon 
which the tranſmitted Rays will come; the Rings 
are leaſt of any when they are violet, then are 
ſucceſſively dilated, conſidering the following 
Colours, quite to the Red; the Rings being of 
any Colour, if you meaſure exactly the Diame- 
ters of the Circles that may be conceiv d to be 
in the middle of the Breadth of the Rings, the 
Squares of their Diameters will be to one another 
as the odd Numbers 1, 3, 5, c. and meafuring 
in the ſame manner the Diameters of the Circles 
in the middle of every one of the Interſtices be- 
tween the Rings, the Squares of their Diameters 
will be as the even Numbers 2, 4, 6, Sc. Now 
in uſing ſpherical Glaſſes, the Thickneſſes of the 
Plate of Air in the Circle above-mention'd are as 
the even and odd Numbers. 


DEFINITION. 

An homogeneous Colour, in a Plate of any Medium, go, 
is ſaid to be of the firſt Order, if the Plate be the 
thinneſt of all thoſe that refle that Colour; in a Plate 
whoſe thickneſs is triple, it is ſaid to be of the ſecond 
Order, Sc. "+ "Ln" 

A Colour of the firſt. Order is the moſt vivid of any; 898 
and ſucceſſively in the following Orders, in the ſecond, 
third; &c. it is lefs and leſs vivid. ® $93 

When a Plate of Air is enlighten'd with hete- 
rogeneous Rays, as that between the Glaſſes of 
the Teleſcopes, or any Plate like it of any other 


Subſtance, as in Experiment 1. 9:6 Rl 
: Annie ; 2 


| 
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the Rings feen in the laſt Experiment are con- 
founded together, and that Colour is ſeen which 
is made of their Mixture; for tbe ſame Thickneſs 

899 of a Plate is often required for refletting different Co- 

s of various | s; ſo a Plate which reflects 
the Violet of the third Order, does alſo refle& 
the Red of the ſecond Order, as may be deduc'd 
from the'laft Experiment, if you attentively con- 
ſider it; therefore in the firſt and ſecond Experi- 
ment, the third violet Ring is confounded with 
the outward Edge of the ſecond red Ring, and 
Purple Colour is produc'd; yet all the Red of 
the ſecond Order is not abſorb*'d, becauſe the red 
Ring is wider than the violet one. 

goo "The more the thickneſs of a Plate is increas'd, the 
more Colours it refles, and different ones, of diffe- 
rent Orders; the violet Plate of the tenth Order 
falls in with the blue one of the ninth Order, and 
the yellow one of the eighth Order; and laſtly, 
with the red one of the ſeventh Order; and the 

Colour of the Plate is made up of a Mixture of 
thoſe Colours. 

901 Fin the firſt and ſecond: iments 4 SpeZa- 
tor look obliquely upon the Plates, ſuch as that made 
of Air, and that which is made of Water, the 
Rings will be dilated as they are ſeen more ob- 

- - + Hquely that is, in that Motion of the Eye the Co- 
tour of the Plate in a determinate Place is chang'd ; 
yet the Dilatation is greater in the firſt Experi- 

SE ment ; which proves, that the Colour is more cban- 

902 ged by the Obliquity of the Rays, if the Plane be en- 

 compaſs'd with a Le Medien, thaw if it be inclos'd 


Plate XVIII. Pg 7.1 J The Demonſteation'of 
Ach Propoſition is eafily deduc d from the Laws 
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of Refraction. — be thin Plates, the 
laſt encompaſs d with a denſer, and the firſt with 
a rarer Medium; let them both be of the ſame 

| thickneſs ; 
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thickneſs ; if the Rays AB, a b, equally inclin'd 
to the Plates, fall upon them, there will be at L 
a Refraction towards the Perpendicular * ; on the » g,, 
contrary, at I the Rays are refracted from the 
» + icular“; and tho* BD and d are equal, . 62g 
bc 1s longer than BC; and therefore there is a 

eater C in the Motion of the Light in the 
Plate 7 than in the Plate L. The Denſity of the 903 
Plate L being increas d, the Medium with which it 
taencompaſs'a remaining the ſame, there will be a leſs 
Difference between BC and B D, and therefore a 
leſs Change of Colour ; and if the refratiing Power 904 
of the Plate be ſo increasd, that the refracted Rays 
(whatever be the Obliquity of the incident ones) 
ſhall not ſenſibly differ; there will be no ſenſible 
Difference in the Colour of the Plate, whatever Situ- 
ation the Eye is plac d in. n 
Hence we may eaſily deduce, that the Colour of 905 
fome Plates will vary by changing the Poſition of the 
Eye, and that the Colour of others is permanent. 


— 
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CHAP. XXII. 
Concerning the Colours of natural Badies. 


Hat relates to the Colours of all Sorts of 
Bodies, may be eaſily deduc*d from what 
has hitherto been explain'd. | | 

We have ſhewn that the Rays of Light have 
Colours peculiar to themſelves, and unchange- 
able, ſo as not to be chang'd by Reflexion. 663 

Therefore the Rays reflected from Bodies, accord- 9o6 
ing as a Pater or loſt Refrangibility in proper to the 
Colour of the Body itſelf, have a greater or leſs Re- 
fab | 


. Experi 
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1.1 In the middle of a black Paper 
7 r and 
'.. the other violet, which muſt be join'd ſo as to 
.... , touch one another at their Sides, in the ſame man- 
e 
I. 19. aper m 
r be well en · 
ee Ron 
thro” the Window; if a looks at theſe 
_ Ribbons; thro” a Priſm, as in the Experiment 
+. Above-mention'd, the Colours will appear — 
7 in the ſame manner as in that 


OS, Pla NN. Fig. 2 Place the 
two Ribbons mention'd. in the former 
ment at R and V; 1 4 laſt be violet, the firſt 

dend; let them be enlighten'd by the Flame of a 

© Candle; at ſix Feet diſtance place the convex 
Lens V (of which mention has been made in 
Exper. 6. Cap. 19.) at the diſtance of about ſix 
Feet, you will have the Repreſentation of the 
Ribbon R upon a white Paper at 7; at a leſs 
_ diſtance you will have an exact Repreſentation of 
1 You ma r 
Repreſentations are 
2 upon the Surface of 
: breads dh where the ker 
ee in 

go7 That Bodies bave varia Colours, becaaſe 4572 

eam Rays are refleda from Badies differently co- 
aur d; and that a Bach appears of that Colour 
- which ariſes from the Mixture of the reflefted Rays, 
may not only be dedac'd from the foregoing Ex- 
WE OT TIRE) 
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Experiment 3.] Take two Bodies of any Kind, 
the one red, 2 other blue, let them be enlight- 
en'd ſucceſſively in a dark Place by the Colours 
of the colour'd Image, which is made by the Re- 
fraction of the Priſm, every one of the Colours 
will be reflected by both; but the red Rays are 
copiouſly reflected from the red Body, whilſt the 
blue Body reflects but few of them, which plainly 
appears by comparing both Bodies when they are 
enlighten'd by the red; the contrary may be ob- 
ſervd in blue Colours, which are copiouſly re- 
flected from the blue Body, whilſt only a few are 
reflected from the red one. 

The Rays which are not reflected from a Body, 
penetrate into it, and there ſuffer innumerable 
Reflexions and Refractions, as we have explain'd' 
between No 842. and 843. till at length they 
unite themſelves to the Particles of the Body it- 
ſelf“; therefore @ Body grows hot ſo much the ſooner e 546 
as it refletts Light leſs copiouſly ; for which reaſon 908 
a white Body, which reflects almoſt all the Rays 909 
with which it is enlighten'd®, beats the ſloweſt; * 870 
whilſt a black Body, into which almoſt all the Rays 
penetrate, becauſe only few are reflected *, ac- * 845 
quires Heat ſooner than any other, 

To determine that Conſtitution of the Surfaces 
of Bodies upon which their Colour depends, we 
mult take notice of the ſmalleſt Particles of which 
theſe Surfaces are made up; theſe Particles are 
tranſparent*, and are ſeparated by a Medium of * 84: 
different Denſity from the Particles themſelves 3 g,, 
they are alſo thin, otherwiſe the Surface would as 
it were be cover'd by a tranſparent Body “, and * 843 
the Colour would depend upon the Particles un- 
der theſe; therefore in the Surface of every co- 
lour'd Body there are innumerable ſmall thin 
Plates ; but by leſſening the Plate, keeping the 

Vor. Il, L ſame 
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ſame thickneſs, its Properties, as to the Reflexion 
of Light, are not chang'd ; for the leaſt Plate, 
in reſpect of the Rays of Light, is very large; 
wherefore what has been demonſtrated in the pre- 
ceding Chapter, may be applied to theſe Plates 
in the Surfaces of Bodies; from whence we de- 
duce the following Concluſions. 

910 | The Colour of a upon the Thickneſs 
* 890 and Denſity of the Parts of the Body, «obich are in 

1 — between the Pores of the Body“. 

2 The Colour is ſo much the more vivid and homoge- 

- neous, as the Parts are thinner *. 

Czteris paribus,” ibe aforeſaid Parts are of the 
ws 296 greateſ thickneſs when the Body is red, and of the 

801 {aft when violet. 

„1s dbe Parts Bodies are much denſer than the ai 

hy dium contained in their Inter tices o. 

90g. This Denſity is Loſs in the Tails of Peacocks, and 

J i fome Silks, and in general in all Bodies wwhe/ 
| — to the different Situation of 

ze® 

5 The Colour of -a Body is more obſcure and darker 

| 297 oben a denſer Medium enters its Pores*, for then 

the gg upon which its Colour depends, are 
ſurrounded by a denſer Medium than before. 
We experience this in all Bodies which are tho- 
roughly penetrated by Water and Oil; when the 
Bodies are dry they recover their former Colour, 
unleſs in ſome Caſes,” in which ſome Parts are 
carried away by the Action of the Water or Oil, 
or hen ſome Parts of the Water or Oil are fo 
8 neo, as to change 
2 che Thicknets of the Plates. 

From juch a Cauſe are deduc'd the 
—— — be their being mix d 
e often the ſaline Particles in 
denne Liquid, ume themſelves 10 the ſaline Particles 
eee eee or the uniiad r 

aral. 
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parated by the Actions of others that are ſuperadded ; 
on all «which Accounts the thickneſs of the Particles 
is chang'd, and together with it tbe Colour of the 
quids *. EN 2 JI. 888 
* the Colour of a Liquid is different, when 915 
ſeen by reflectad Rays, from what it is when ſeen by 
tranſmitted ones; we have ſhewn before whence 
this ariſes *.. 897 


Experiment 4.] An Infuſion of Lignum Nepbri- 
ticum, that is not too much tinged, appears blue 
by reflected Rays; but yellow if the Phial which 
contains the Infuſion be plac'd between the Light 


and che Eye. Is wm. | 

Experiment 5.] If you pour Spirit of Vinegar 
into the Infuſion of Lignum Nepbriticum, it will 
feat yellow in any Poſition whatever. 

n this Caſe the thickneſs of the Particles is 
chang'd, and the Rays that were tranſmitted thro* 
every one of them, are now intercepted; but tho? 
the Liquor is placed hetween the Eye and the 
Light, it is ſeen by reflected Rays; for we may 
eaſily conceive that ſuch Rays come to the Eye 
by the various Reflexions which the Light un- 
dergoes in the Liquid 3 but this Colour only is 
ſenſible, beeauſe the Rays cannot penetrate di- 
rectly thro* the Liquid. , 

From this we may deduce the reaſon why @ 918 
colour*d Liquid in a Glaſs, of the Figure of an invert- 
ed Cone, if it be placed between the Eye and the 
g, appears of a different Colour in different 
Parts of the Veſſel ; in the lower Part all the Rays 
which are tranſmitted thro? the Particles are not 
inter , then they are more and more inter- 
cepted, according as there is a greater Quantity 
of the Liquid between the Eye and the Light, 
till at length they come to be all intercepted, and 
L 2 only 
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only thoſe Rays which are reflected by the Parti- 
cles penetrate the Liquid; in which Caſe the Co- 
_ Jour coincides with the Colour of the 1 en 
by the reflected Rays. 

gig Clouds often appear very beautifully Ard; 
they conſiſt of aqueous Particles, between which 
Air is interſperſed ; therefore according to the va- 
'9 20 rious thickneſs of thoſe aqueous Particles, the Cloud 
* 888 will be of a different Colour b. 2 
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PART 1. E 2 Nen 545 2 World. 


CHAP. 1 


E who attentively conſiders that ,; 
Space can be terminated by no 
Bounds, will ſcarce be able to 
deny, that the Supreme Almigh- 
ty Intelligence has every where 
manifeſted the ſame Wiſdom which he has ſhewn 
to the Inhabitants of the Earth in a ſmall Com- 
paſs. What I here call a finall Compaſs, im- 
»..3 3 menſl y 
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menſly exceeds our Comprehenſion; yet it is but 
ſmall, compared with infinite Space. 

921 Our Earib, with ſixteen other Bodies (for we e 
no Knowledge of any more) moves in a determinate 
Space; neither do theſe Bodies recede from, or 

come nearer to one another, beyond their fet 
Bounds ;. and their Motions are perform'd ac- 
cording to nchangeable Laws. 


. ; * 


"DpriniTion 1. 


922 This Collection of ſeoenteen Bodies is called the 
Planetary Syſtem, © ' 

The «hole Art of hren is almaſt employ- 
ed 1 theſe alone, theſe will be EF 
ly my Subject in this Work ; the other Bodies 
that Kg” eva the Univerſe are too far diſtant 
from us for their: Motions (if the 7 are mov d) to 
fall under our Obſervations; of theſe only the 
ſucid Bodies can be perceiv*d by us, and of thoſe 
only the more remarkable ones, and which are 
leſs diſtant from us than the reſt ; even moſt of 

ſuch as are ſeen by 3 are inviſible to 


the naked Eye. 
12 DzF1n1iTTon II. 


923 All theſe Bodies are called fixed Stars. 

They are called fixed, becauſe, as far as can be 
percejv*'d, they keep the ſame Poſition with re- 
ſpect to one another; we muſt take notice of 

peculiar concerning theſe hereafter. 

_ But as to the Planetary Syſtems in this we have 
ſaid there are ſeventeen Bodies, which are all ſpbe- 
rical ; one only ſhines by its own Light, he reſt are 
2 1 only by the Laght tobicb they 


. 926 ed Wee Dig, and far the greateh o 
Ae er tant 


yi l 
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dle of it, at leaſt is agitated by a very ſmall Mo- 
tion. 
DzriniTion III. 


The other Sixteen are called Planets. | 

Theſe are divided into tewo Claſſes ; fix are called 926 
the pri Planets ;- ten are called the ſecondary 
Planets, en we ſpeak of the Planets without 
any diſtinction, we always underſtand the pri- 
mary ones. 

The pri ary Planets move round the Sun, and are 927 
carried at different Diſtances from. it, in Curves 
that return into themſelves. 

A ſecondary Planet revolves round a primary one, 928 
and accompanies it in its Motion round the Sun. 

The Planets in their Motions deſcribe elliptic Lines, 929 
not much different from Circles; and all thoſe 
Lines are fixed ; at leaſt there is but a ſmall 
Change to be obſerved in a long Time in their 
Situation. | 

Plate XXIV. Rg. 3.] An elliptic Line is form- 930 
ed, if a Thread, whoſe Extremities are fix*d in the 
two Points F and f, is mov'd, remaining ſtretch- 
ed; as is to be ſeen in this Figure, in which the 
Thread is repreſented at F df, FEf, FBf; 
the Points F, f, are called the Foci; the Line 
A a, which paſſes thro* them, and is terminated 
on each ſide by the Circumference of the Ellipſe, 
is called the greater Axis, and it is the greateſt 
Line that can be drawn in the Ellipſis ; the mid- 
dle Point C of the Axis is the Center of the El- 
lipſe ; and the leſſer Axis Dd falls perpendicularly 
thro this Point * the greater Avis. 

The Orbits of all the primary Planets are in fuch 931 
4 Poſition, that one of their Foci falls in with the 
Center of the Sun; let the Ellipſe AD ad repre - 
{ent the Orbit of a Planet, F will be the Center 
of the Sun, - "Id | 


- x (7 „ DzF 1» 


* 
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DxF1in1iT1oNn IV. 


The Diſtance between the Center of the Sun 45 
the Center of the Orbit is called the Eccentricity of 

„ e ee the i. be 
3 tion t net aches once to 
” the Hae, once recedes from it; — E its greateſt 
diſtance is at a, the Extremity of the greater 
Axis of the Orbit; and at its leaſt diſtance in che 

oppoſite Extremity A. 


Derinition v. 


934 That diſtance of the Planet from the Sun is called 
the mean diſtance, which is equally different from 
the greateſt and the leaſt ; at this diſtance the Pla- 


net is inthe Extremities D, a, of the ſmaller Axis, 


; Dzxinition VI. 2 
935 The Point of the Orbit, in which the Planet is at 
is greateſt diſtance from the rt is called the Aphe- 
1 as a. 


Dzzx1n17T10N vn. _ 
936 - The Point of the Orbit, in which the Planet is at 
> leaft diſtance from the Sum, is called the Perihe- 


=_— nn VIII. 
937 Theſe r the Kas, 
3 
biz IX, £2 
938 We Line which joins the Agſides, that is, the 
—— eos 
Apfides. 
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Dzrini1iT1ion X. 


The Plane of the Orbit of the Earth is called the 940 
Plane of the Ecliptic. 

This Plane is to be continu'd every way; and 
Aſtronomers conſider the Poſition of the Planes of 
the other Orbits with reſpect to this. 


DzriniTion XI. 


The Points in which the other Orbits cut the Plane 941 
of the Ecliptic, are called the Nodes. 


Dzr1Nn1iT1oNn XII. 


The Line which joins the Nodes of any Orbit, that 942 
is, the common Section of the Plane of the Orbit 
with the Plane of the'Ecliptic, is called the Line 
of Nodes. * | 

A Planet is not carried with an equal Celerity in 943 

all the Points of its Orbit; the leſs it is diſtant 944 
the Sun, the feifter is its Motion; and the Times in 
which the ſeveral Arcs of its Orbit are run thro, are 
to one another as the Area's formed by Lines drawn 
from the Planet to the Center of the Sun; the Arcs 

AB and à E are run thro' in Times, which are 
to one another as the Area's of the mix d Trian- 
gles AFB, à FE. 4 

All the Planets are carried the farne way, and 943 
their Motion in their Orbits is con to that 
Motion which we obſerve daily in all the celeſtial 
Bodies, by which in one Day they ſeem to be car- 
ried round the Earth; of which hereafter. 


aanigth q Dzeyrrinzrron XIII. 
Auen, fuch as is that of the Planets in their 46 
Orbit, is ſaid zo be in conſequentia, and direct. . 


'D E F I- 
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| Dzer1niT1ioN XIV, 
947 The contrary Motion is called a Motion in antece- 
dentia; and ſometimes retrograde. 


the ſlower they move in their Orbits; ſo that the pe- 
riodical Times of the moſt diſtant ones are grea- 

ter, both becauſe they have a greater Orbit to 
run thro*', and a flower Motion. 


| s DETINITIOoN XV. | 
949 The Line which paſſes tbr the Center of the Pla- 
net, and about which it moves, is called the Axis 
of the Planet. Ert 
950 The Planets, at leaſt moſt of them, and the Sun 
| itſelf, move round their Axis; there are. two, of 


which, in this reſpect, Aſtronomers have been 
able to make no Obſervations, but which in all 


Probability have this Motion. 
951 This Mation agrees or conſpires with the Mo- 


tions of the Planets in their Orbits; that is, it is 


in conſeguentia. 

952 The Axes themſelves are moy'd by @ parallel Mo- 
tion, ſo that all the Points of the Axis of a Pla- 
net deſcribe equal and ſimilar Lines. 


nien 
953 The Extremities 
of the Planet. 


954 Plate XX. Fig, 1:] Aſtronomers compare to- 


gether accurately enough the Diſtances of the 
Planets from the Sun, to give us an Idea of the 
whole Syſtem. The Dimenſions of the Orbits are 
ted in this Scheme, in which the Points 

NN ſhew the Nodes of each Orbit. 
955 Nevertheleſs ue cannot compare the Dimenſions 
this Syſtem with any that we know 
ace of the Earth; ta 


o 


"948 The more diſtant the Planets are from the Sun, 


of the Avis are called the Poles 


the Sur- 
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that the Obſervations made concerning ſuch- a 
Compariſon are free from Error. 

But that the ſeveral Parts of the Syſtem may 956 
be compared together, we ſuppoſe the mean Di- 
ſtance of the Earth from the Sun divided into 
1000 equal Parts, which we make uſe of in mea- 
ſuring the other Diſtances. 

The Sun ©, as was ſaid before, is agitated by 957 
a ſmall Motion in the middle of the Syſtem ; it 
moves round its Axis in the Space of 25 Days; 
. Ne Ne 
tic, m an e . 30 Min. 

Mercury & is the leaſt aiſtanc from the Sun of 958 
any of the Planets ; its mean Diſtance from the 
Sun is 387, its Eccentricity 80; the Inclination 
of its Orbit, that is, the Angle form'd by the 
Plane of its Orbit with the Plane of the Ecliptic, 
is 6 . 52 Min. it performs its Revolution 
round the Sun in 87 Days, 23 Hours. 

The next is Venus 2, whoſe Diſtance from the 959 
Sun is 723, its Eccentricity 5, the Inclination of 
its Orbit 3 Deg. 23 Min. It performs its perio- 
dical Motion in 224 Days, 17 Hours; and its 
Motion round its Axis is perform'd in 23 Hours. 

The third Planet in order from the Sun is our 960 
Earth ® z its mean Diſtance from the Sun is 
1000, its Eccentricity 169 3 it is moved in the 
Plane of the Ecliptic ; its periodical Time is 365 
Days, 5 Hours, 51 Min. and the Motion about 
its Axis is perform'd in 23 Hours, 56 Min. 4 Sec. 
Ay an Angle with the Plane of the 

| - 31 Min. 

7 A Mines of Mars d from the Sun 961 
is 1524, its Eccentricity 141, the Inclination of  . . 
its Orbit 1 Deg. 52 Min. its periodical Time 686 
Days, 23 Hours; its Revolution about its Axis 
s perform'd in 24 Hours, 40 Min, 2 
| 1n4S'\k | | FEE $3. Jupiter 
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962 Jupiler x, the biggeſt of all the Planets, is di- 
ſtant from the Sun, at a mean diſtance, 5201 ; its 
Eccentricity 250 ; the Inclination of its Orbit 
I Deg. 20 Min. the periodical Time 4332 Days, 
12 Hours ; and its Revolution about its Axis in 
9 Hours and 56 Min. 

963 The mean Diſtance of Saturn h, the moſt di- 
ſtant Planet from the Sun, is 9538 5; its Eccen- 
tricity 547 3 the Inclination of its Orbit 2 Deg. 
30 Min. the periodical Time 10759 Days, 7 
Hours; it is 0 with a Ring, which 

does not touch the Planet, but never leaves it; 
© - this Ring is not viſible without a Teleſcope. 
The mean Diſtance being given, if you add 
the Eccentricity, you will have the greateſt Di- 
ſtance; but if you ſubtract the Eccentricity from 
the mean diſtance, you will have the leaſt di- 
. 836 ſtance.* * 

964 The three Planets, Mars, Jupiter, and Saturn, 

- which are more diſtant from the Sun than the 
Earth, are'call*d the ſuperior Planets ; Venus and 
Mercury are call'd the inferior ones. | 

965 Of the primary Planets, three are accompanied by 

Pipe Planets calPd Satellites, move about Sa- 
turn; four about Jupiter; one about the Earth 
(viz.) the Moon, _ 3 | 
The ſecondary Planets, except the Moon, are 
not viſible to the naked Eye. pe 

966 * The Satellites, by Lines drawn to the Center f 
the 3 Planets, deſeribe Area's about them 
propor tiona 


to the Times; as has been ſaid of the 

+ © primary Planets with reſpect to the Center of the 
® 944 Sun. * a 

967 De Men moves about the Earth in an Ellipfe, 

968 one of toboſe Foci is in the Center of the Earth, from 

969, which the mean diftance of the Moon is 60 Semi- 

diameters of the Earth and a half; i/s Eccentriciy 

| 1 
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is liable ta change ; the mean one is of 3 Semidia- 
meters and a Third z the Plane of its Orbit forms 
an Angle with the Plane of the Ecliptic of five 
2 but this Indlination is not conſtant, or 

the ſame. In the Motion of ibe Mqgon round 
2 arth, neither the Line of the Nodes, nor the 


Line of tbe Apſides, is c ind parallel Motion, a 


but the Line of tbe Nodes Weſtward, or in ante- 
cedentia ; the Lines of the Apſides Ealtward, or in 
conſeguentia; the firſt performs it Revolution in 
about 9 Years, the ſecond in 19 4 the periodical 
Time of the Moon's Motion about the Earth is 
27 Days and about 7 Hours; and it is turn'd 
about its own Axis enn in te Tien. | 
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970 


Plate XX. Fig. 2.] The firſt, or jnmolt of the 9yꝛ 


Satellites of Jupiter, is diſtant from Jupiter's Cen- 
ter 21 Diameters of Jupiter; it is moy'd round 
Jupiter in ane Day, 18 Hours, 28 Min. 

The Diſtance of the ſecand is 4. and an half 
Diameters of Jupiter 3 its Nd Time 1 1 13 
Hours, 18 Min. 

The Diſtance of the third is 7, Diamerers; its 

ical Time 7 Days, 4 Hue. 

The fourth is diſtant 12 ; Diameter z it per- 
forms its Motion in 16 Days, 18 Hours, 5 Min. 


3 


Plate XX. Ex. .] The firſt, or inmoſt Satel- 972 


t from Sajury's Center Þ of 


1 


a Diameter of the Ring its periodic Tina 9 


1 Day, 21 Hours, 18 Min. 
The Diſtance of the ſecond is 11 Diameter of 


the Ring; its rn is ewo Days, 17 


Hours,” 41 Min. 
The Diſtance of the third is 14 Diameter of the 


Ring, its prriodical Nieden! is 4 —_ 13 amn 
47 gre The 


Se 


| Sun, whoſe 


- -» the Bodies'one to anocher exactly 


mical Obſervations. 


» Y 


If we take notice of the Diſtances and periodi- | 
cal Times of the Planets, we ſhall find that the 


e "Pla XX. K. 2. 0 gi Sire a Nevionof che 


Dimenſions of the Bodies themſelves in our 9: 
fem, we have contriv'd the fourth Figure, in 
which all the ry Planets and Saturn's Ring 
to their Dimenſions 3 the 
exceeds all the reſt, is re- 
by the — Circle (Hp 0 that is 
nn 

Theſe Dimenſions repreſent the ropartions of 


except'the Earth, which, for the Rea = 


* 95g wende, cannor be ſo compar'd wich the 


other Bodics, nn 
lit denn do chem. 

D Diameter may be meaſur'd, and 
contains 3 Perches , each of which is 
equi t 12 Feet; but altho“ the Dia- 
ee l 1-0" be compar d to- 


, and with the Sun's Diameter, yet it can't 
Getermin'd how ** „ till 


IJ " 2 „ 
- 
„ 
* * - * 


„ 


lie Aiftance of the fifth is Dae ; 
y | Rig; eee 7 Hours, ; 
3 Min. 


2 

: the Motion of theſe, as alſo of the | 
—— . about their Axes; we can hi- 
therto determine nothing certain from aſtrono- g 
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after Obſervations ſhall be made at a proper 
Time hereafter, 

Of the Bodies that make up the Planetary 977 
Syſtem, the Moon only can be compar d to the Earth, 
its Diameter being to the Diameter of the Moon 
as 40 to 11. | 

The other ſecondary Planets are not meaſur d by 978 
Aſtronomers , but it can't be doubred bur that 
ſome of them are bigger than the Earth. 

Beſides the Bodies already mention'd, there are 979 
others in the Planetary Syſtem, which are viſible 
for a time, as they come near the Sun; and then 
recede from it, and become inviſible ; they are 
called Comets ; they appear moſt. commonly--with 980 
Tails, and the Tail is always turn'd from the Sun; 
in their Motion they deſcribe Area's, by Lines drawn 
to the Center of the Sun, proportional to the Times, 
as has been ſaid of the Planets. * 4 944 

As to Comets, it is probable that they move in el- Fi 
liptic Orbits, that are very eccentric, ſo that they are 981 
inviſible when they are in that Part of the Orbit 
which is moſt diſtant from the Sun; which is de- 
duc'd from the Periods of ſome of them that have 
been obſerv*d to be pretty regular; and it is plain 
from Obſervations, that /ome have deſcrib'd in their 982 
Motion Portions of eccentric Ecligſes, in one of 
whoſe Foci uuns the Center of the Sun. 

The Notion that we have hitherto given of the 
Planetary Syſtem, is founded upon aſtronomical . 
Obſervations ; and what we have already faid ad- 
mits of no Diſpute among Aſtronomers, if we 
except what -relates to the elliptic Line and the 
Motion of the Earth. | | 

Some affirm, that the Orbits of the Planets are 
not elliptic, but that in their Motion they de- 
ſcribe another Oval. has deduc'd from 


Habs Brab?'s Obſervations, that theſe Lines are 
elliptic ; 
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elliptic ; and we ſhall ſhew in the following Part 
_ no other Curves can be deſcrib'd by the 


Thoſe chat ſay the Earth is at reſt, have no 


aſtronomical or e Argument for a Foun- 
dation of their Opinion; that is, don't reaſon 
from Phenomena ; neglecting the Simplicity of 
the Syſtem, and the Analogy of the Motions, 
they aſſert, that their Opinion is not con to 
Obſervations; in Which they err, as we 
ſhew in the following Part. 


„* 


—• ͤ .. —ů—ů 


CHAP. Il 
Concerning the apparent Motion. 


| Hoever , after having read the former 

Chapter, looks upon the Heavens, will 

ſcarcely believe that he beholds the Syſtem which 

. . 8 explain'd there; and a more exact Conſidera- 

tion of the heavenly. Motions will increaſe his 

983 Doubt: no wonder, fince we can obſerve very litile 
in the Heavens but falſe Appearances. * 


The common Obſerver of the Heavens is 2 
SpeRator, who thinking himſelf to be at reſt, is 
carried about by various Motions, and beholds 

Bodies, concerning whoſe Diſtance and Magni- 
tude he makes falſe Judgments. The true Sy- 


ſtem of the World was unk for many Ages, 
even to the moſt exact Obſervers of the Hea- 
vens. r Dinner aa But 

11 | C 


. 
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But we muſt explain how all things which are 984 
obſerv d in the heavenly Bodies have Place in 


the Syſtem that has been explain'd,” in reſpect of 
4 Spectator upon the Earth; chat is, we ſhall 


deduce ithe Ap 1 rances from the true Motions: 
which cannot Be done, unleſs we firſt lay down 
ſomze-genieral rr er N . apparent Mo- 
tion in general. 
ed vertain that he have no Arc by whichwe 
can diſcover the true Motion, only the relative 
Motion can be perceiv d by the Senſes; and it is 
that only conoerning which we treated in the for- 
mer Chapter. Who can reaſonably affirm or 
deny, that all the Bodies which are known to us, 
are not carried in 9 common Motion chr the 
immenſe Spaces? - om By A 
The relative Motion i ts to be diſtingsi/o'q from the 963 
apparent one; for the apparent Motion is the 
Change which appeats to be in the Situation of 
the Bodies, and depends upon the Change of the 
Picture in the bottom of the Eye; for Objects 
have the ſame apparent Relation to one another 
as their Repreſentations have in the Eye, for theß 
are ſeen as they are painted in the Eye“; and the 716 
Change in that Picture, from the Motion of the 
Bodies, moſt commonly differs from the Change 
of the Relation between the Bodies themſelves ; 
as follows from the Formation of that Picture. 
The Heavens are nothing but an immenſe Space, 986 
which cannot be ſeen, and would appear black “, if » g,g 
innumerable Rays of Light, flowing from the 
heavenly Bodies, did not continually penetrate 
our Atmoſphere moſt of them come to us from 
the Bodies in right Lines, yet a great many ſuffer 
various Reflexions in the Atmoſphere, and en- 
lighten the whole Atmoſphere ; which is the rea- 
ſon that in the Day Bodies are _— even 
Vo dh. II. M without 


9 
+ "I 
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without the Reflexion of the Clouds, ta which 

' the Rays of the Sun cannot came directly. 

. "Theſe Rays are heterogeneous 

there are Bodies enlighten'd by theſe Rays which 
appear white 3 and theſe Bodies ſeen thro Priſms, 
Dee 
+ 37, does nat happen in Colour“; 
alſo a Circle of 2 9 Paper, of half an lack dia- 
8, it will appear oblong 


eln ack Goch, if it is en- 
e 


lighten d by 

—— thro the Priſm ; 

| are obſerv'd in the Rays of the Son, are ern; here 
in the ſame manner: — things would not 
Liquid, chat h. thro? & oor. = the Sun's blue 
Rays, at leaſt moſtly ſuch, paſs. 

When ws Ich at the back Shy, the white. Ray 

before mention d enter our Hyes, whence the. blue 

Calaur of the Sky arijes ; we are accuſtom d 

to ſee a Colour where there is a colour'd Qbjedt, 

we alſo refer the Colour of the Heavens to an Ob. 

I but ſince this is ſoen 


997; 


(2 


| Body is between a Plane and the Eye, 
of whoſe diſtance we cannot judge, the Body ap- 
Pete to us to be applied to the Plane, whatſoever 
- the diſtance is between that and the Plane; for 
there is no reaſon why the Parts of the Plane, 
wkieotc minds ih Sinofthe lnogn.of bf 
Body in the Eye, ſhould not appear at the fame 
diſtance with the Body. 
g89. Thence alſo all the gig Bodies (of which the 


leaſt dan from. de (os) the Moon) is yet 8 


and white, for 


Gs Sc a co XX A Ac ac wo eau „ 
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above-mention'd, ani they all appear equally diſtant, 
and ſeem to move in the Surface of a conca've Sphere z 
ſo the Moon appears to be among the fixed Scars, 
altho? its diſtance beats ſcarcely any ſenſible Pro- 
ian do the diſtance df Soturs and the di. 
ance even of Satin itſelf is nothing; compar'd 
with the immenic diſtance of the fixed Stars z jt 
is no Wonder therefore that the common Peo 
know nothing of the Magnicude of the celeſti 
Bodies and the Immenſity of the Heavetis: 
We ſee from what has been ſaid; how the Mo- 
tion of any Body being given; and the Motion of 
the Earth being, knows, the appateiit Motion 
P | PS 
e have a Sphete is imagin beyond , 
the fred Sears, in whoſe Canter is the Sed 
NE he Reth BH ftllis She A of 
the Diameter of this Sphere, tar the Ore of 
the Sphere is not ſenſib d by tht Altera- 
tion of Place of the ; Whilſt he is 
carried along wich the Earth; wherefore in all 
the Points of the Earth's Surfate, ani at 2 es Time, 
the Inhabitants of the Earth imagine the ſame Spher# 
to which they refer the Btaventy. 2 and Scl 
hereafter we ſhall call tbe Sphere of the fixed Stars; wt 
Theſe being laid oth, At tot — 4 1991 
bir be ron they th k + 1 — — 
continu” d beyond the gutt the aforeſc 
Spberr, vor beve a Pls, IR the above- 
mention'd — and which ir tbr ap- 
parent Place of that 
Waun the Body; of the Earth, or both afe 
mov'd, this Line is mov'd alſo, and be apparem 991 
Motion is the Line, which is deſerid among ft the 
fxed Stars by the Extremity of the Link above men- 
tion'd, which goes thro” the Earth and the Body; 
nb apparent Motion t. objere'd; 


M 2 
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, vv 
— 


Taeter 


—1— 
— ' (1 [£7113 831.0: 
994 Bat if the Body and a; FAS itbat 
the Line which paſſes thro* theſe Bodies be carried in a 
Purallel' Motion 51. 1he> Body: will ſeem to be at. ; ref 
among" the" fired Stars 1 -becauſe-in this Case the 
Space-gone throꝭ by the End of the Line among 
the fixed Start, cannot exceed the Space gone 
 thi® by the Earth z but the Line that js pal to 
the whole Space which the Earth can go thro! at 
ſo great wg tengo Jars, 1s not ſen- 
ſible ro us. z 417 1 
995 |: n eee ofthe Evrthrimmdin; lb her 
Sy ® i3 alſo freduc'd an apparent Motion, which will be 
ealllydeducd'in/irs proper Place from the Foun- 
dation Lid doun in this Chapter. Dm 97 
bene reden Motion differs from the re- 


1 e or Alper ante 7 * *r 
2 the Mation of the Barth in it # Orbit. 


N n * ET, the Sun be 
| bh. e 
* 992; Nicht the Seh will beat, 5 2 5 
$96 n i Orbit from I "16.1, the Sam foons 


n 9 IG run thro' the Arc 

N 4 b Angler Ss equal to the 
Ane 8, that the Ceierity of che appa- 

| Ry ados of the ew Sun depends upon the. Celeri 

| * 275: FT” » M + to 


oF lkrangular Motion of che Earth, with'reſ] 
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to the Center of the Sun; which Motion ne OP 
upon a double Accbunt; on actoukit of the di- 
ſtance from the Sun being leſſen d, . andhthe Oele 


rity of the Earth being increas d; both. Which 
Cauſes always concur ; * wherefore the Inequality 944 


of the apparent Matton of the Sun ig ſenſible, In 4 15 ; 
whale. Revolution of the Earth, dee 
CC 2s.) 92 vv 6 «COL 


ITS *4 1 * 8 


— 5 
w * was. * 4 * = 


; barrier . 
8e We 
This apparent Wa of the Sun i is called the Egli 
tic Lent it is che Section of the Sphere of : 3 99 
fixed Stars with the Plate of the Ec A Lak 
{ed to be 'continu'd-to- this 
This Way is divided 4 into 12 equal "= * 
of which contains 30 Degtees s theſe, Parts ar are 
called the Signs, and are; diſtinguiſh'd/ by. theſe 
Names: Aries V, Taurus N, Gemini I, Cancer a, 
Lo &, Jie . 4, „ Scor ius m, Sagit- 
tarius , Capricorn v, Aquaris) » Piſces &. 
Whetice theſe Parts have their Names, we ſhall dos 
explain when we treat of · the fixed Stars. | 
"The Sun is longer 4 going te ts fr ih 1000 
than the fix laſt; abs at 
Altho' a Circle has neither ano nor End, 1001 
yet when ſeveral Points muſt be determin'd in it, 
— Point muſt be 2 8 this, 
in the Ecliptic Line, is ibe firſt Pont nes ; we 
ſhall —— it may be determinꝰd hereaſter; it 
not fixed to one Place among the fixed Stars z 
therefore the Orbits of the Planet, which alter ſo 1002 
ittle, that they may be lookꝰ d upon as unchange- 
ble, * dow t preſerve eu ee in 929 
f ths fn. . | 
ee 


* . * 9 . * . , — * AST * 
> % — - * 9 - 
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Dzrinivion/ I 
3003 The Diſtance of the Sun from the irt Point 


I a le. 13060 " . 1 
1004 The Laongitudes of the other Bodies are 
- _ me 


| after the ſame manner in the Ecliptic ; they 
1005 are referr'd to this Line, by concetying @ great Cire 
x 2 bed the Body, and cut the Ecliptic perpendi- 
| rly ; for the Point in which the Ecliptic is cut 
t Longitude of the 
"— | 


Drin 710 III. 


The Diſtance of a heavenly from the Echpti 

( se js Laid e's mentura a Arc 

| a great ire | to iptic, in- 
eforped bes ke the Body andthe hee 


pri IV. 


| mentioned er, ore called the Poles of the 


prior a 
The Zodiac is 4 Zone which is imagin'd in the 
; foo? Heavens, which the Ecliptic Line cuts into t⁰ equa: 
3 
ircle parallet to thy Ecliptic Lin ht Degree: 
diftant from it. On ac: ount of the ori lacks 
tons of the Orbits of the Planets, and the Moon 
the Plane of the Ecliptic, no Bodies of the 

_ Ugog Flanctary Syſtem appear without the Zodiac. 


op PII 


* Dexrnitrion VI. 
Thoſe of them that have the ſame Longitude are 1010 
faid to be in Oon junction. uri 


DrxFitvirion VII | 
. Thoſe whoſe pitudes differ 180 Degrees, are 1011 


ſaid to be in Oppolition. 


CHAP. IV. 


Of the Phenomena of the inferior Planets, 
ariſing from the Earth's and their own 


Motions in their Orbits. 
Plau Xl. ET s be the Syn, AV Bu the 
fg. 2. Orbit of an inferior Planet; let 


IT be the Earth in its Orbit, and av Part of the 

Sphere of the fixed Stars the apparent Place of 

the Sun is 1. o 991 
If from the Earth there be drawn to the Orbit 

of the Planet the T TAs, T Bb, it is 

evident that the Planet, in its apparent Motion, 

is never remov'd ſarther from the San than the 

Diſtance v a, vb; and that the Planet accom- 

panies it in its apparent Motion round the Earth. 


- DzxriniTrion IJ. 
Tg Diſtance of the Planet the Sun 1012 
is called its Elongation 5 aarvb Like greateſt 
Elongation; this varies upon tuo Accounts (viz.) 1013 
becauſe the Earth and the Planet revolve in el- 
liptic Lines®. | + L&I 

The Planet orms its Motion fooner than 1014 
the Earth, * therefore in its Motion it paſſes betuum * 9,8 
the Earth and the Sun, TP then moves * 

0 Fe: dun, 


1698 Mathematical Elements Book IV. B 
Sun, in reſpect of the Eartb; ſo that it is in Conjun- t 
gion with the; Sun in two Manners, but never in N 
In. filion. Lerne ss ee a 
hat we may have an Idea; of the apparent i 
Motion of the Planet, we muſt conceive the Lines t 
T B50, TS y, TA a, to, move along with the i 
Farth, ſo that the Points A, V, B, and v, whilſt q 
the Earth performs its Revolution, may run thro' | 
the Orbit of the Planet; but the Planet, which | 
moves ſwifter, _ paſſes ſucceſſively through theſe | 
Points over and over. 

1015 ben it is carried in its Orbit from V to D, it 
ſeems to move among the fixed Stars from v to 
; in this Caſe the apparent Molion is in antece- 
1016 dentia, and tbe Planet ir retrograde; in D it is faid 
do be ſtationary, becauſe it appears for ſome Time 
in the ſame Place among the fixed Stars; this ob- 
tains'when the Orbit of the Planet, in the Place 
in which the Planet is, is ſo inclin*d to the Orbit 
of the Earth, in the Place in which the Earth is, 
that if the Line d be drawn parallel to the Line 
I D, and at a ſmall diſtance from it D d be to 
Tf as the Celerity of the Planet in its Orbit to 
the Celerity of the Earth; theſe Lines are run 
F thro* in the ſame Time; and the Line which 1 
_ drawn thro? the Earth and the Planet is carried 
in a parallel Motion; for which Reaſon the ap- 

* 992 parent Place of the Planet is not chang' d“. 
Between 4 and B the Orbit of the Planet i 
more inclin'd to the Orbit of the Earth, where- 
- - , +1 fore the Extremity of the Line paſſing thro? the 
Earth and the Planet (altho' the Planet moves 
2017 ſwiſter than the Earth) is carried in conſequentia, 
muards which Part alſo the apparent Motion of the 
*. gg2 Planet is directed“; yet fince the apparent Mo- 
. . +1 tion of the Sune&Gceds the apparent Motion of 
- , » the Planet, the Elongation is-increas'd, which be. 
comes greateſt hen the Planet is at B. * 


- 
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the Planet goes thro” the Arc B v, its apparent 
Motion is: alſo in conſaguentia, and exceeds the 
apparent Motion of the Sun, to which it is com- 
ing, and then goes beyond it, receding from it 
till it comes to A. Between A and E the Motion 
in conſeguentia is continu*d ; but the Sun, whoſe 
apparent Motion in this Caſe is ſwifter, as has 
been explain*d concerning the Arc 4 B, comes 
towards the Planet, and the Elongation is dimi- 
niſn' d. At E, in the ſame manner as at D, tbe 1018 
Planet is ſtationary ; between E and V it is again 
retrograde. | 

T he Orbit of the Planet is inclin'd to the Plane 
of the Ecliptic, * therefore it does not ſeem 10 move * 958 
in the Ecliptic Line, but ſometimes leſs, ſometimes 959 
more diſtant from it, and appears to be carried in 
an irregular Curve, which ſometimes cuts the Eclip- 7 
lic. ky . 5 Ld | 9) 
Plate XXI. Fig. 3.] Let N V IN be the Orbit 
of the Planet, whoſe Nodes are NN; let 8 be 
the Sun; T 7 the Orbit of the Earth in the Plane 
of the Ecliptic; the Earth T; the Planet V. If 
V A be imagin'd to paſs thro* the Planet, and 
to be dicular to the Plane of the Ecliptic, 
the Angle V T A, or rather the Arc which 
meaſures it, is the Latitude of the Planet; “ this o 
is called he: geocentric Latitude, to diſtinguiſh it 
from the Latitude of the | Planet ſeen from the 
Sun, which is called tbo beliocentric Latitude, and 
is in that Caſe the Angle VSA. Here we ſpeak 
of the geecentric Latitude, becauſe we examine the . 
Phznomena as they appear from the Earth. 
When a Planet appears in the Node, it appears in 1019 
the Ecliptic Line; and. the Curve, which is deſcri- 
bed by the Planet, by its apparent Motion in the 
Zodiac, cuts the Ecliptic Line; as the Planet re- 1120 
cedes from the Node, its Latitude is increaſed, 'which 
iu ala different, according 10 the Ay the - 

| arib; 


the Planet are contin — — 


from it; in V the Planet cannot be ſeen; in v it 


Mathematical Elements Bock IV. 
Eartb; ſo the Planet remaining at V, the Lati- 
rude is greater if the Earth be at T, than if it was 
at t. Now, if the Earth remaining in its Place, 
we imagine the Planet to be carried from V to v, 
the v T B will be lefs than the Angle 
VTA — —— from the Planet 
coming nearer the and the der be- 
ay re farther off. 

ow if we conſider that both che Earth and 


conceive that the Lati 
ment from each Cauſe, which — 2 — — 
trariwiſe, and ſometimes conſpire in increafing 
and diminiſhing the Latitude; whence it neceſſ 
rily follows, that the apparent Motion is per · 
form'd in an 1 lar Curve, which, as was ſaid 
before, cuts the Ecliptic as often as the Planet 
paſſes the Node, that is, twice in each of its Re- 
volutions'; this Curve alſo does not recede from 
the Eclipric, on either fide, beyond certain Li- 
in the Zodiac. { 

We diſcover alſo ſome remarkable Phznome- 
nz of the inferior Planets by means of ne 


ſcope, which are- 
Plate XXI. e ee T the 


Barth, K, B. C, b, N. Hr . V, an inferior Nla- 
net, ex gr. Venus in its Orbit; this Planet ſhines 


with Light borrow'd from the Sun, and that He- 
miſphere only which is turn'd to the Sun is en- 
lighten'd , other Hemiſphere is inviſible ; 
therefore that Part only of the enlighten'd He- 
miſphere which i tura' 6 30/the Farchcan be fywh 


would 2 n. did not 


m v CN — n 
4094 Going rom 518 Pl at e and f it is drawn 


 wicruppeary.or 'Þ ad F, ang confjayes — 
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co till it vaniſbes at V, and then again increaſes - 


ard changing its Fi gure till the whole en- 
Hemiſphere be turned towards the 


Erb. the Node is at V, or near it, the Planet 1922 
appears in the very Diſt of the Sun, and as it were 
applied to it, and is ahſerv d as a black Spot which 

moves on the Sun's Surface ;, in this Caſe, CONE 

ſ „ve don't fee the Planet, but we per- 

ceive w ere it intercepis the Sun's Rays. 

The leſs diſtant the Planet is from the Earth, the 1023 
greater it appears *, and the more lucid ; bur as It ® 733 
comes nearer the Earth, the lucid Part .that is 
viſible is leſs ; ſo that on one account the Light 
increaſes, and on another it is diminiſh'd; and 
there is a Diſtance at which the reflected Light is 


gratef. 


— 


1 3 Fs F > Mr ny 7 


A., . 


Concerning the Phanomena of the ſuperior Pla- 
pets, arifing from their Motions and the 
Motion of the Earth in their reſpecti ve Or- 
— 


E a para 1 2 of the ſuperior Pla- 

AE oppor things agree with what 

n in ue of the 11 Pla- 

2 and things diſagree nat 
always n but are 7 obſerved in 288 

tiow ; but in their Oppoſition (as has been 

n they do nat always ſeem 
to be carried in conſequen foe appear fta- 1025 

. and ien mad. 


Plate. 


10 


F 1 A mati 
106 Pla XXI. Th: 


Elements Bas 
Let M be a aper Pla. 


wer, for Example, in its Orbit, AT HB 

the Orbit of tile Earth the the poriodical Time of 

de Earth is ſhorter than the periodical Time of 

. Mn, cheteſbte che Earth in its Motion goes 

| ** Herwern'it andthe Sun z in which Caſe the Planer 

——_ at E, -amion the fixed Stars, oppoſite to 

Sun; chro” N d w. the Lines B M, "AM, 

that couch che arts Orbit, which. being conti 

„ _-nu'd go to i the Sphere of the fixed | 

1 8501 Stam ſet i ide "that whilft che Planer is 

n carriddabour i in its Orbit thoſe Lines are alſo mo- 

pied, fo chat the Points A and B, in which the 

8 that go thro? the Planet touch the Orbit of 

Fed perform a Revolution in the periodi- 

| opt oh Planet; now fince the Earth re- 

volves faſter, it paſſes thro? the Points A and B 

in its Motion; in this Motion the apparent Place 

of the Planet ſeen from the Earth, is not remſov'd 

from the Place of, the, Planer ſeen from the Sun 

beyond FD and F G. Ter T be ſuch a Point in 

the. Orbit of the Earth, that the Line m being 

drawn, may be parallel to TM; let TI be to 

M is the Celerity of the Earth to the Cdlerity 

of the Planet, in which Caſe theſe ſmall. Lines 

83 are gone thro? in the ſame Time; in the mean 

= 954 rime the Planer dee to be at reſt, * and is ſaid 

— to be in the ſame manner it is ſtatio- 

FN is at H. In the Motion of 

+ the Earth between T and H, the Planet appears 

OE = to move in antecedentia from E thre” F, and is 

en "kad tobe rewograde z hill che Earth goes thro 
reſt of its Orbit the Planet is direct. 

"The Phænomena which relate to the Latitude, 

arc like thoſe which have been explain'd in re- 

*i668 ſpe to the infetior Plane. 

1028 Jupiter and Saturs eticempaſe the Orbit of the 

4 . 


40 — „ 


TO” 


4 


Fr 


I 7 


© + 


+ 


„ 


P 


ok Nt of Navaral. Pbi lain. 1 
W enli d by th 
n chrefore 


theſe Planets. alcnays appear rumd. 
Becauſe Mars is leſs diſtant, it appear, a little, 1029 


gibbous between the ho peta oe Oppoſition with 


eee ai wobade od o gal e Oo gs 
N AN 1 2 1 * — va FES 16) .3 A {0 WOE Es > | | 
\ 48 Fa" * 1 5911 7 
AP. VI. 7 en 550 


Concerning 1 Phenomena of the Satellites, CE 
from their Mat ian in their Orbits; where 


wor met Meat Bs rhe rr of 4. _ 5 
Moon 1 
12 2. 71 


* K Satellite — FRY Bice FA 41. 1030 

ways accompany ibeir Primaries in their Mo- 

tion, and never appear to recede from them beyond 

certain Limits on either fide, which” may be eaſily 

derermin'd from their Diſtances from their Pri- 

maries, and they are alternately carried in anteceden- 

lia and in zuentia; ſometimes all of them are 

on the ſame fide of the primary Planet, and ſome - 

times the primary ĩs obſerv'd to be between them; 

they are Me s in the ſame Tight Line, or very lit- 1031 

tle diſtant from 4 All which things may be de- 

ir from” chis, chat the Motion at about the pri- 

y PHners is perform'd in Planers that male 

ſall Angles with one another, 1 with the hs 

. "of the Eclipric: a 

be Satellite of Saturn or iu are not al- 1032 

55 at the ſame time, /ometimies they are 

52 Primajy, f 4g ee in * 1 
% $77.5 B-7 107 N. * "I 

07 23363 irn 110 I. | g 


Pies XXII. Ek. 2.1 Such an e in the 2033 
Go is calPd an * 7 the Satelliie. 15 
c 
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I Fapitr; Mm che Orbit of « Secondary of Jr 
ler, M che Orbit of a ry of Juni 
ter; whilſt the Secondary moves from M toni 
undergoes an Eclipſe, and not being enlighten' 
by the Sun, becomes inviſible; if the Earth be at 
T, the Emerſion into the Shadow is eaſily obſer- 
ved 3 on the contrary, the Emerſion is more ſen. 

ſible if the Earth be placed at z. 
1034 Among the Bodies that accompany Saturn w: 
963 have ſaid that there is 4 . ou concerning which 
i is to be obſerv'd, bat an e 
never ſees it wider than it is repreſented in the 4h 
Fig. of Plate XX. and that ſometimes it is .imoifable ; 
namely, when the Plane of the Ring being con- 
tinu'd goes thro? the Earth, for the thickneſs of 

tze Ring 


to it, but not at every 
Revolution of the Moon in its Orbit ; for whi 
the Moon, after one entire Revolution of 27 Days 
and 7 Hours, returns again to the Place among 
036 the fixed Stars, in which it was in Conjun 
950 with the Sun, the Sun is gone from that Place, 
29; and is about 25 Deg. diſtant from it: o therefore 
the neighbouring ConjuntFions are 29 Days and à hat 
dan from one another. 6 3 
| x 28 E 7 


, 
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/ 'DxrriniTiON II. 


it . lunar TT 8 is the Tine of one 1037 
Moon in its * 1 £ 401 


173 


ad l e e III. 1845 


The Moor s ſynodical Month, or a Lanation, 1038 
is the Time that the Moen. ſpends between the tun 
next Comuni ions with the Sun. 


The Moon is iwviſible in its Conjunction with the 1039 
Syn, becauſe the enlightenꝰd Hemiſphere is turn'd 


from the Earth. Let T (Plate XXII. Hg. 3.) be 
the Earth, Lee. 
Earth, the enlighten'd Hemi will be m11, 
which cannot 5 ſeen from Search 
Whil/ft the Moon is carried in its Orbit 1040 
art, 


Comun#tion to the Oppoſition, the enli 
which is directed towards the Sun, doe: 2 
become more aud more viſible to the Inhabitants of — 


Earth; and in the Points A B C the Moon docs | 


ſucceſſively acquire the Figures a b c. . 
At P, in its Oppoſition with the Sun, it appears 1041 


und; then going thro? DEF * as It is 
repreſented at d e. 


Dzxr1iniTion IV. 
Th Cunt of tbe Moon with the $9 call 104 


tbe New-Moon. 
After the Conjunction, the Moon is as it were 


ww =» 


Dzvinirion V. 
The Oppoſition of the Moon with the Sun is called 1043 
8 auſe the whole Moon appears en- n 
ten | 


'Dxyi- 


7e Aaken Bissen 3 Beek IV. 


Dx x183-T1.o8. VI 

1044 The Conjunition and y/ition of a Satellite with 

be Sun, ur cue by the tommon Name'S zygics. 
1045 At A and F ene Ark Part of the Moon is 2 
little enli 3 2 the Rays. that are 8 
tor to whom qo not 5 in 
670185 EACH "after the ſe af the a 1 
tte ſecond, "defort'irs Rife.” ay <A 


eon 881 aer N 


0e 2 bat, in dae of any Ob/ be 
Moon, /o_ that, in _relpe any Ov/erver upon | 

Earl » the dun i 1s: par ar u cov the d 

5 22 N a Ihe 


Pro ing. th Ecliple of the 
9291 E 5 e 0 an Radon e Pome 


FER che Moon falls,” , $23 6wo?'t: 21.397 ib ei id 


—— oe Vm. > 
1047 An Ecli e 


N Oo {IK Ny ; 1 


Dr We VII. TE 


„ in the — of the Ecli ptic, "Sin which 
the Sun and Earth always are; — upon 
account of the Moon's Latitude, its „ at 
the New-Moon often does not touch the 
and itſelf at the Full: Moon — beſide * 

dre dow of the Earth. 1 * 

2061 But when the Moon has ad Latitude, or but 
very little ; that is, when it it in the Node, or near 
it, at us Syzygies, an Eclipſe is obſerved; in * 


"Light 9 of . the. Sun 18 intercepted } by the 


a. ds i md. a rc web He Au Tea 
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Caſe the Moon to be in the Ecliptic; ot 
very near it a c is ho is that has given the 
fr 


3 XXIII. Fi, i.] That what relates * 
Eclipſe of the Moon may —_ the more: 
ly, let O O be the Way of the Moon, R the 
Hane of the Ecliptic, Center of the Earth's 
Shadow is always in it; * Nb the Node of the © gig 
Moon's Orbit. 3 
If the Center of the Earth's Shadow be at A, 
the Moon that goes by at F will not be darken'd. 
lf the Moon be leſs diſtant from the Node at 1052 
the Full moon, as at G, the Shadow of the Earth 
is at B, and the Minn in darken'd in part ; this is 
called 6 partial Eclige. 
If, ſup the Shadow at D. the Moon be 1033 
full, the Moon will be eobolly darken'd ac I it runs 
into the Shadow at L., and goes out of it at Hz 
and tbe Eclip is ſaid to be total, | 
be Euli is ſaid to be central whih the Center of 1054 
the Moon goes thro* the Center of the Shadow, which 
only happens in the very Node N. 
| © have hitherto ſpoken of tlie Shadow of the 
Earth, becauſe when we mention the Earth we 
underſtand i its Atmoſphere, which is Join. d to if, . 


2 which we have ſpoken elſewhere 3, ® the Sha- * 4i8 


of the Atrhoſpbere i; ly confider'd in lunar 1055 
Eclipſes, for the Shadow 0 the Earth itſelf does 
hot reach the Moon. 

Plate XXIV. Rg. 1 7]. Lek T be the Earth, the 
Atmoſphere. about it FD 88 DF; the Sun's 
Rays BD, BD, touching the Atmoſphere ; 

80 ſtrait on; and tefinina the Shadow of the Ar- 

moſphere, out of which if the Moon be, it d im- 

5 d by the Sun's Rays; but it 
not 


it is between BD and BD. 
Yer; tt. 


ighten'd in the ſame manner the while 
N 


®* i 
q 
: k 
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1056 be Rays which enter the Atmoſphere obliquely are 
0 ade * and as they come towards the Earth 

they continually penetrate into a Medium, which 
* 424 is denſer and denſer, and therefore are every 


429 Moment infleted, and move into Curves ; 
* 617-Rays EF EF penetrate the Atmoſphere in the 
Curves FG F G that touch the Earth; all the 

;.- © -Light between EF EF is intercepted by the 
+ Earth, and the Rays GA GA. terminate the 
Earth's Shadow. 

The Light between E F and BD being refrs- 

Qed by the Atmoſphere, is ſcatter'd between 
GA and BD continu'd ;' and beyond A, the 

Point of the .Earth's Shadow, the Lights that 

1055 come from all Parts are confounded, but are con- 

-- , inually weaker and weaker the farther from 'the 
Earth; ſo that the Shadow of the At e is not 
a perfect Shadow, but @ weak Light, whereby the 

Woo is. viſible in an Eclipſe. 

2058 The Shadow of the Atmoſphere is conical , be- 
cauſe the Sun's Diameter is greater than the Dia- 
meter of the Atmoſphere, which is ſcarce bigger 
than that of the Earth; and this Cone does nt 
reach quite to Mars, as appears from immediate 
Obſervations z but the Shadow of the Diameter, 

has. 4 in the Place where it is cut by the Moon's Orbit, 
n ſcarce one Fourth leſs d che Diameter 0! 
the Earth. 

With the fame Reaſoning that we have proy'd 
that the Moon comes into e Shadow of the Al. 
moſphere, when the Moon in its full is in the 
Node, or near it, it ĩs alſo prov d that the Moon's 
Shadow falls upon the Earth at the New- Mun, 
when the Miu it in the Node, or near the Node; 

1059. therefore in that Caſe the Sun undergoes an Ecli 

| 2 which ſeveral things are 0 be ob⸗ 
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Den Au 0926 Plat 


—— * * 5 
2 2 1+ | 210 | 


| 
h 
i 
0 
tl 
ff 
al 


I. @ tad 


* 


Book V. of Matura! Philoſophy: 179 


Plate XXII. Fig. 4. Let 8 he the Sun, T. the 
Moon, let the Shadow of it fall upon any Plane 
GH; this Shadow is encompaſ d with a Penum- 
bra, for heyond L and E that Plane is enlighten'd 
by one entire Hemiſ ſphere of the Sun; as you go 
Nl. to H, and from E to G, the Light is 
continually diminiſh'd ; and near G and H the 
Rays come to the Plane cal from a ſmall Part 
of the Sun's Surface. 3 


DIA Iron IK. 


. This WV... Light, which encompaſſe es the Sba⸗ 1060 
* G H every is called the Penumbra. t 

In the Eeligfe Relic of the Moon the Shadow of the 1061 
Earth is encompaſs'd with ihe lite Penumbra, but 
this is only ſenſible near the Shadow, and there- 
fore bas — a finall Breadth ; but if an Obſerver be 
plac'd upon a Plane upon which the Shadow falls, 
he may obſerve the whole Penumbra; as is the Caſe 1062 
in the Eclipſe of the Sun, An Obſerver I or F can 
only ſee the Semidiameter of the Sun, .the reſt of 
the Diameter is hid by the Moon; and going 
from L towards H, the Sun iscontinually more 
and more hid b the Moon, till it becomes whol- 
ly inviſible in 5 Shadow itſelf. © 

Hence it follows, that there it a ſolar Eclipſe; 1064 
'bo' the Shadow of the Moon does not touch the Earth, 
provided the Penumbra comes to its Surface; and al- 
ſo, that the Eclipſe is not obſerv*d in all the Places 1 064 
which the Sun is viſible 3, and that it is different, 106g 
according as the Shadow or a different Part of | 
the Penumbra, oes thro? the Place, in the Plates 
in which. it is ohe d. 
But the Eclipſe:of the Ann is every where the 1066 

ame, where the Moon is viſible, 8 the Eclipſe... 

But when the Shadow wſelf of the Moon falls upon 1067 

the 1 the Sun's Eclipſe is ſaid to be total; bf 
the Penumbra reaches the Earth, ii is ſaid to 
N 2 Partial; 


180 Mathematical Elements Book IV, 


partial; and this is what happens when we con- 
ſider an Eclipſe in general. | 

1068 But as to particular Places, i is ſaid to be total 
in thoſe Places where the Shadow paſſes ;, central in 
thoſe where the Center of the Shadow paſſes ; that 
is, where the Center of the Moon covers the Sun's 
Center; and laſtly, partial, where the Penumbra 
only goes by; and this is drawn in Fig. 6. 

1069 Plate XXII. Fig. 4.] The wider the Shadow G H 

is, the more Places is the Eclipſe of the Sun total in, 

and the longer is the Sun obſtur*d ; but the 

Breadth of che Shadow is different, according to 
the different Diſtances of the Moon from the 
+ __ | 1 2 of the the Sun. 

1070 there be an Ecli the Moon, ſuppoſing the 
add in the Pero, "nd ths Moen &s the the 
22um, that is, at the greateſt Diſtance from the 
Earth, the Shadow of the Moon does not reach 
the Earth, and the Moon does not cover the whale 
Sun; ſuch an one is call'd an annular Eclipſe, and 

is repreſented in Fig. 5. 

— — — — 

Of the Pbænomena arifing from the Motion of 

the Sun, the Planets, and the Moon, avout 
their Axes. | 


HE Sun's Motion about its Aris ls ſenfible, by 
obſerving the Spots, which are obſcrv'd very 
upon the Suns Surface ; theſe Spots ſeem 
to change their Figure and Situation Day, 
and ſometimes to move ſwiſter, ſometimes flower 

all which things may be eafily deduc'd from the 
Motion of a ſpherical Surfacez and the Sun, 
which, if it was not moved by ſuch a Motion, 
would only once in a Year ſucceſſively 


* 
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turn its 
whole 


- 
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whole Surface to the Earth, now ſhews it to the 
[nhabitants of the Earth in leſs than the Space of 

one Month. 

Such like Phænomena ariſe from the Rotation of 1072 
Jupiter, Mars, and Venus, about their Axis, which 
Motions become ſenſible, by obſerving the Spots in the 
Surface of the Planets, 

Whilſt the Earth is mov*d round its Axis, the 
Obſerver, who is carried round, imagines himſelf 
to be at reſt, and all the heavenly Bodies to be in 


DzriniTiqn I. 
The Points in which the Axis of the Earth, being 1073 
continued both ways, touches the Sphere of the fix 
Stars, are called the Poles of the World. 


Dzerixni1Trion II. 


The apparent Motion ariſing from the Motion of 1074 
tbe Earth about its Axis, is called the diurnal Mo- 4 
tion. 


« * 


DzriniT1an III. 


A Plane is canceiv d to paſs tbr the Center of the 1075 
Earth, perpendicular to its Axis, and continu'd every 
way; and the Circle, in which. it cuts the Sphere of 
the fixed Stars, is called the celeſtial Aquator. 
| In the Motion of the Earth round the Sun the 1076 
Equator is moved; but ſince the Plane of this 
Circle is carried by a parallel Motion, the celeftial 
Fquator is not moved *, 4 ** 
DZT IN ITI on IV. "Rok 
Circles, whoſe Planes go through the Axis of the 1077 
Earth, are called Meridians. | 
They all paſi thro the Poles of the World, and are 1078 


perpendicular to the Afquator. - d 2H 2 
"IP N 2 Dey 1- 


—— — 
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DETINITIOR V. 

1079. The Arc of any Meridian, which is intercepted be- 
'** teen the Aiquator aud a Star, is called the Decli- 
nation of that Star. (HT | 
Plate XXIII. Fig. 2.] Let an Obſerver be up- 

on the Earth T, who directs his Sight along TA; 

after a little Time, when the Line T A ſhall be 
carried by the Motion of the Earth to T a, if the 
Spectator directs his Sight thro? the ſame Line, 

the Body A will appear to have been carried 
thro' the Arc a A; but when the Line has re- 
turn'd to its former Situation T A, the Body 

will ſeem to have perform'd one whole Reyalu- 
tion ; but if he directs his Sight along the Axiz 

of the Earth produc'd, becauſe that is at reſt, the 
Body which 1s ſeen in the Axis will appear not to 

1080 have moved, therefgre in the Poles of the World the 
*1073 diurnal Motion is not objery'd * but that Boie 
which are near the Poles are moved round them, 
is plain, and that the Body by its diurnal Motion 
deſcribes ſo much a greater Circle round the im- 
moveable Pole as it is farther diſtant from it; 

1081 therefore the whole Sphere of the fixed Stars ſeems io 
'*' revolve about the Axis of the Earth continuꝭd, in an- 
tecedentia, in that Time in which the Earth really 
turns about its Aris; therefore the diurnal Motion 

is common to all the celeftial Bodies, except ſo 

Ax as it is diſturb'd by the Motions above-men- 
The Zquator is equally diſtant from both 
Poles, and divides the Heavens into two Hemi- 
2 whoſe middle Points are the Poles, which 
therefore are equally diſtant from the ſeveral 

a 1052 Points of the Æquator; therefore the heaven!) 
| Bodies which are in the Æguator, by their diurnel 
.- ,: Motuon ſeem 40 dgcribe the Æaualor itſelf, the great- 
eſt Circle of all that can be deſcrib'd by the wy 

e 
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urnal Motion; the other Bodies deſcribe Circles pa- 1083 
rallel to the Aęuator. 

The Axis of the Earth is inclin'd ro the Plane n 
of the Ecliptic in an Angle of 66 Deg, 31 Min.“ * 965 
the Poles of the World theretore are diſtant from the 108 4 
Poles of the Ecliptic 23 Deg. 29 Min. and the Plaue 
if the Æguator makes an Angle with the Plane of the 
Ecliptic of 23 Deg. 29 Min. Both Planes paſs 
thro? the Center of the Earth; but ſince this may 
be look d upon as the Center of the fixed Stars, 
it follows, that the Aiquator and the Ecliptic Line 1085 
are great Circles, which are inclin'd to each other, 988 
and cut one another in two oppoſite Points, in the be- 990 
ginning of Aries, and the beginning of Libra; which 
Points, in the Way of the Sun, are determined 
by theſe Interſections. *:001 

When the Sun is in thoſe Points, it ſeems to deſcribe 1086 
the Aquator by its diurnal Motion; * when it is car- 1087 
ried about in the Ecliptic by its apparent Motion, 1082 
it continually recedes more and more from the 
Equator, and its Declination is increaſed, and it 
deſcribes leſs Circles every Day; * till it comes to its 1083 
greateſt diſtance from the Equator, which is 23 Deg. 1088 
29 Min. * then it comes back to the Equator again, 1084 
and goes beyond it alſo 23 Deg, 29 Min. advancing 
towards the oppoſite Pole. 


Dxzrinirion VI. 


Thoſe Circles, deſcrib'd by the Sun in its diurnal 1089 
Motion, which are moſt diſtant from the Equator, that © 
u, 23 Deg. 19 Min. are called the Tropics. 
One touches the Ecliptic Line in the firſt De- 
gree of Cancer, and is call'd the Tropic of Cancer; 
the other is call'd the Tropic of Capricorn, and 
paſſes thro? the firſt Point of the Sign Capricorn, 
and there touches the Ecliptic Line. 


N 4 Dry 1- 
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DzrriniTion VII. 
ogo De Pale of the Nord, which is next to the 7 
Cancer, is called the Arctic Pole, 24 ale 5 be 
orth Pole z the oppoſite is called the Antardtic, 
and alſo the South Pole. 


DzrxiniTioNn VIII. 
1091 Me Circles that are deſeribꝰd in the diurnal Mo- 
tion by the Poles of the Ecliptic, that is, by the 
Points which are diftaxt from the Poles of the World 
23 Deg. 29 Min. are called the Polar Circles. 
The Arctic Polar Circle is that which ſurrounds 
the Arctic Pole, the other oppoſite one borrows 
its Name from the Antarctic Pole, 
es There remains to be explain'd tbe Moon's Mo- 
'* © fon about its Axis, whoſe Effet is, that the ſame Face 
of the Moon is always turn towards the Earth. 
Plate XXII. E. 3.] Let the Moon be at N, 
the Face which is turn'd to the Earth is m » 1; if 
the Moon did not turn about its Axis, and all its 
Points were carried thro! parallel Lines, the Line 
=} would coincide with the Line { in the Sirus- 
tion of the Moon at B, and the aforeſaid Hemi- 
| rr mn; but becauſe whilſt 
Moon deſcribes a fourth- Part of its Orbit, 
it performs likewiſe a Fourth of its Revolution 
round its Axis, the Face, which would be at I 
is now at ni; that is, again turn d ta the Earth. 
After the ſame manner it is prov d, that this ſame 
Face i, when the Moon is at P, is ſeen by an 
Obſerver on the Earth, and that it is turn'd to- 
wards the Earth at E; as alſq in all other Points 
of the Moon's Orbit. 
4092 | ' The Axis of the Mum is not icular 10 the 
Plane of its Orbit, but & Mile incl d to it; the 
Axis keeps its Paralleliſm in its Motion round the 
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therefore ir changes its Situation, in reſpect of * 953 
an Obſerver upon the Earth, ro whom ſometimes - 


one, ſometimes the other Pole of the Moon is vi- 

15 3 whence it to be agitated by a ſort of li- 
bratory Motion. There is another libratory Mo- 1094 
tion obſerv*d in the Moon; the Motion about 
the Axis is equable, and it is carried in its Orbit 
with an unequal Celerity * therefore when the 966 
| Moon is at its Perigeym, that i is, at its leaſt di- 
ſtance from the Earth, where it is moved the 
| ſwifteſt in its Orbit ꝰ, that Part of its Surface, * 966 
which, on account of its Motion in the Orbit, 
| would be turn'd towards the Earth, is not wholly 
turn d from it on account of its Motion round its 
Axis ; therefore ſame of that Part of the Surface 
ol the Moon, which before was nat viſible, i is ſeen 
it the fide z which, when the Moon is at its Apo; 


eum, 15 again viſible. 


05 © "S068 


CHAP. V. 


Of the Pbænomena which relate to the Surface 
of the Earth, and its particular Parts. 


E have explain'd the celeſtial Phenomena 

hitherto examin'd, by conſidering the 
Spectator as carried about by thoſe Motions 
wherewith the Earth is really moved; now we 
ſhall conſider him as plac'd upon the Surface of 
the Earth, and carried from one Place to another 


upon it. 

ts gs ws be here obſerved is, 1095 
! reaſon of the Twterpoſition of the Earth, ns- 
avens is 2 to the Obſerver, who 


1 upon the Surface of the Earth, 


= Dzy1iniTion I. 


- — "1 dag ct TY — 2 os = 


Circle in the Heavens which ſeparates the vi- 1096 
from the inpiſible n when the Rays are not 
inter- 
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intercepted by the Inequalities of the Earth's 
Surface, is called the Horizon. 

When the Height, to which the Spectator can 
be raiſed above the Surface of the Earth, is very 
ſmall, compared with the Semidiameter of the 
Earth, the Eye of the Spectator may be look'd 
upon as placed in the Surface itſelf, 

Plate XXIII. Fig. 4.] Let the Earth be at T, 
and the Obſerver at 85 and PE pe the Sphere of 
the fixed Stars; if you conceive a Plane at H H 
to touch the Earth and go thro' S, it will be the 
Plane of the — ung whoſe Seclion with the 
Sphere of the fixed Stars is the Horizon. A Plane, 
as h h, is conceiv'd to go thro? the Center of the 
Earth, parallel to H H; the diſtance h H is in- 
ſenſible, by reaſon of the immenſe diſtance of the 
fixed Stars; therefore the Section of that Plane, 
with the Sphere above - mentionꝰd, may be taken 

* 994 for the Horizon.“ 


Dzr1n1T1on II. 
1097 renn 


DETINIT IO III. 

1098 The Deſcent belom the Horizon is called the ering 
of the Stars. 

Dzr1niTion IV. 
1099 F we conceive a Line drawn thro* the Obſerver and 
the Center of the Earth, which muſt neceſſarily be 
perpendicular to the Horizon, it will reach the 
Point Z among the * Stars, which is called the 


, Zenith. {Tf 
| e V. 
1100 De Point N. oppoſite to it, is called the Nadir. 


DeriniTion VI. 
r The Section which a Plane of. the Meridian, that 
bes thro the Obſerver, males with the Horizon, is 


called the Meridian Line, and is directed from 


North to South, Di- 
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Dzrin1iT1ion VII. 

The Eaſtern Part of the Heavens is tbat, from 1102 
which we ſee the Bodies riſe above the Horizon; and 
{be Eaſt Point is that, in which a Line directed Eaſt- 
 gards, perpendicular to the Meridian Line, and going 
thro! the Obſerver, cuts the Sphere of the fixed Stars. 


-DzrFiniTion VIII. 

The Point oppoſite to this is called the Weſt Point, 103 

and the Weſtern Point of the Heavens is oppoſite to | 
DeyFiniTion IX. 

The Amplitude is an Arc of the Horizon, which | 104 
is contain*d bettoeen the Eaſt or Weſt Point, and the | 
Paint in which the Star riſes or ſets; the firſt is cal- 
led the riſing, and the other the ſetting Ampli- 
tude 3 and each is either Northern or Southern 
Amplitude, leh 

Dzyrin1TION X. 

The Height or Altitude of a Star above the x 105 
Horizon, 1s the Arc of a Circle perpendicular to the 
Horizon, in whoſe Center the Spettator is, terminated 
by the Horizon and the Star. a 


DzrintiTion XI. 

The difference of the beight of a Star, according to 
te , Falle of the Ore as bei poet 0 
in the Center, or on tbe Surface of the Earth, is cal- 
led the Parallag of the Star. 

There is only the Parallax of the Moon which can 11 o/ 
be determin d by Obſervations ;, the diſtance of the * 
reſt of the Bodies in the planetary Syſtem is too 
great to be compared with the Semidiameter of 
the Earth; and the Parallax depends upon the 
Ratio which the Semidiameter of the Earth has to 
the diſtance of a Planet; therefore even the Pa- 


* 
1 


* 
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1198 rallax of Mars, in Oppoſition with the Sun, i; 100 

mall for the niceſt Obſervations. Jon 

1109 Where there is a Parallax, it diminiſhes a; 4 
Iz 2 above the Horizon, and vaniſhes in the 


The apparent height of the Stars is alſo chang'd 
upon another Account, which equally affects all 
1110 the heavenly Bodies; the Rays are inflected by tbe 
1111 Refraftion of the At , and the Stars appear 
72 bigber than they are; yet the bigher they are the le; 
* = is that Inflexion*, becauſe the Rays leſs ob- 
1112 liquely on the Surface of the Atmoſphere ; in the 
®* 629 Zenith there is no Refrafiion*, even at the diſtance 
F 20 er 30 Degrees from the Zenith it is not ſenſible. 
1113 Since tbe Stars are raiſed by this Refrattion, they 
are viſible before they come to the Horizon. 


Plate XXIV. Fg. 2.] All theſe things relate ta 
the Surface of the Earth in general ; now we muſt 
examine the ſeveral Parts of it, theſe are deter · 

min' d by referring to the Earth the ſeveral Circles 
1114 Which we have before confider'd in the Heavens; 
ſioo en ibe Earth we conſider the Ægqua tor, the Meri- 
dians, the Tropics, and pdlar Circles; and theſe Cir- 
cles divide the Surface of the Earth in the ſame 
manner as the Sphere of the fixed Stars is divided 
by the Circles in the Heavens ; and therefore the 
Circles in the Heavens, and thoſe upon the Earth, 
do ſo mutually correſpond with each other, that 
a Line being drawn from the Center of the Earth 
to a Circle in the Heavens, it will go thro? the 
ſame Circle in the Earth. If the Poles are Pp, 
the Equator will be E e, the Tropics T T. it, 
and the polar Circles AA, as, 


| Dzxzixnirion XI, 
1115 _ The Meridian, which goes thro' @ Place, is called 
the Meridian of the Place, 9. 
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The Plane of it is perpendicular to the Horizon, 1116 

becauſe it goes thro? the Center of the Earth and 

the Obſerver. | 
A Meridian Line drawn in any Place, is part of 1117 

the Meridian of the Place. 101 


Dzrinirion XIII. | 
The Latirude of a Place is its diſtance from the 1118 
Eguator, chat is, the Arc intercepted between | 
that Place and the Aquator. 2 — * 


D rriyrrion XIV. ö 
Circles parallel to the Aiquator are called Circles 1119 


df Latitude. 

By determining the Latitude of the Place, we 
determine the Circle of Latitude, which goes 
thro the Place; now to determine the Situation 
of ſeveral Places in reſpect of each other, we muſt 
determine Places upon the ſeveral Circles; which 
is done, by ſuppoſing a Meridian to paſs thro” 
any remarkable Place, which by its Section de- 
termines a Point upon each Circle of Latitude, 
from which the Diſtances of Places are meaſur'd. 


- Dv#inz1rron XY. 
The Meridian above-mention'd, taken at pleaſure; 1 1 20 
& called the firſt Meridian. 


1 D III 10 x XVI... 

The Diſtance of 4 Place from the firſt Meridian, 1121 
meaſur'd an a' Circle of Latitude that goes thro" 4 
Place, is called the Longitude of — Place. 7 

Aſtronomers refer every thing to the Meridian of 1122 
the Place in which they make their Obſervations. 

In explaining the Phænomena which relate to 
the ſeveral Parts of the Surface of the Earth, we 


ſhall confider the Obſerver going from the Pole 
to 
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do the Equator; and firſt, only take notice of the 
diurnal Motion. 
1123 Plate XXIII. Fg. 3.7 When the Spectator is 
at 8, in the very Pole of the Earth T, the cele- 
ſtial Equator Ee coincides with the Horizon, and 


the Pole of the World P is in the Zenith; in that 
Caſe, becauſe the Cireles which are parallel to the 
Horizon, are alſo e to the Equator, all the 
| _ heavenly Bodies to be carried by a Mo- 
*,083 tion patallel to ch Horizon, in Circles which 
are repreſented by the Lines A a, Bb. The bea- 
venly Bodies in the Hemi} E P e never ſet, and 
1124 the cthers are never viſible. The Horizon in this Situ- 
ation is ſaid to be parallel, or this Situation is called 

a parallel Sphere. 
1123 Plate XXIII. Hz. 4] 91 Obſerver upon the 
Earth T recedes from ole, and is at 8, the Ho- 
Hzon is ſaid to 42 ie, or the Sphere is oblique ; 
then the Axis P is inclin'd to the Horizon bb, 
8 the mote as the Obſerver is farther from 

0 e. 


Dy) 2648 . AI 
I 126 © The Angle which the Axis of the Earth makes ; wi 
*r205 the Horizon, is called the Height of the Pole.“ 
1127 This Height of the Pole is equal to the Latitude. 
The Height of the Pole is the A PT b, 
whoſe Meaſure is the Are PB; the Latitude is 
meaſur'd by an Arc, which upon the Earth cor- 
5118 reſponds to the Arc Z E in the Heavens ; but it 
is equal to the Arc P; for the Complement of 
21 to a Quarter of a Cirele, is the 
rc F + 
1128 In this Poſition of the Obſerver, becauſe the Equa- 
tor is inclin'd to the Horizon, all the heavenly 
Bodies are carried by the diurnal Motion in Circles 
inclined 10 the r eren A5 che Lines 
* . 4 737 * | 
ome 


= 
- 
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Some of the heavenly Bodies riſe and ſet at every 112 
Revolution of the Earth; namely, thoſe which — : 
detween the Parallels to the Equator B h and hi, 
becauſe all the Parallels between thoſe two are cut 
by the Horizon. 

The Planes of the Equator and the Horizon 
go thro the Center of the Earth, therefore theſe 
Circles cut one another mutually into two equal 
Parts, and half of the Equator 1s above the Ho- 
rizon 3 therefore tbe heavenly Bodies which are in 11 30 
the Equator, are above the Horizon during balf a 
Revolution of the Earth about its Axis* ; and on 1082 
account of the Equability of the Motion about 
the Axis, are inviſible during an equal Time. 

Theſe alſo riſe due Eaſt, and ſet due Weſt (that is, 1131 
in the very Points of the Eaſt and Welt) for the 
Section of the Planes of the Equator and the Ho- 
rizon is perpendicular to a Plane perpendicular 
to both theſe Planes, and this laſt Plane is the | 
Plane of the Meridian of the Place ® ; wherefore s 
the above-mention'd Section is perpendicular to 1116 
the Meridian Line “, and conſequently goes thro? 1117 
the Eaſt and Weſt Points. 1102 

Bodies between the Equator and a Parallel Bb, 1103 
which touches the Horizon, as in the Circle A a, 1132 
continue longer above than below the Horjzon ; and 
this Difference is ſo much the greater, the more the 1133 
Circle A a approaches that Pole which is above the 
Horizon ; on the contrary, as the Body goes towards 
tbe oppoſite Pole, its Time of Continuance above the 
Horizon is the longer. 


This Inequality of the Time that a Body is above 1134 


and below the Horizon, increaſes as the Height of the 

Pole does, becauſe of the Diminution of the Angle 

made with the Horizon by the Equator and its 

Parallels. Alis on 210 104 
Bodies tuboſe Diſtance from the Pole is equal to the 1135 

Height of it, never ſet ; for ſuch is the Diſtance _ 


| The 
#140, 2 


bother apparent Motions we have ſpoken , before, 
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the Circle B , which touches the Horizon, but 
has no Part of ir below the Horizon. 

Bodies leſs diſtant from the Pole do not ſo 
much as come down to the Horizon. 

1136 * pears b n , that Boche 

tance oppoſite Pole does not exceed 
— e Pe. n 
Zon, 0d av log tenths 
1137 Bodies whoſe Diſtance E Z from the Equator 
is equal to the Height of the Pole, go thro? the 
Zenith 2; for EZ is equal to the Latitude of 
the Place to which the Height of the Pole is 

27126 b equal * | 

t138 Plate XXIII. R. 5.) When @ SpeBtator S has 

receded as far as — from the Pole, he come; 

to the Equator, whoſe Points are equally diſtant 

*,075 from Pole® ; chen the Axis P p is in the He: 

1114 rixon, with -which the tor makes a right An- 

*1075 gle *, for which reaſon the Horizon is ſaid t be 
1114 bt, or this is called a right Sphere. 

04456} The Horizon cuts into two equal Parts all the 

Circles that are parallel to the 
are repreſented by the Lines A a, 

1139 all the Bodies, at t 
Earth, riſe and ſet, and are viſible and inviſible du. 

al Times. 1 

ator itſelf goes ibro the Zenith, and 

ie Bd du ae wv it paſted 4, 


© If whar we have explain'd conctfring the dur 


nal Motion, be applied to the Bodies of whoſ 


„ which 
33 therefore 


Revolution 


the Phænomena will be cafify determin in'd from 
the Motions join'd 3 thoſe that relate to 
the Sun are more remarkable than the reſt, and 
therefore more PIRIE to be explains, 


Dur t- 


7 I 
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DzriniTion XVIII. | | 

We call a natural Day the Time elapſed between 114 
the Receſs of the Sun from the Meridian of a Place, 
and its next Return to the ſame Meridian. 

This Day differs from the Time of the Revolution 1142 
of the Earth about its Axis, which Times would be 
equal if the Sun appear'd immovable among the 
fixed Stars; but whilſt by che diurnal Motion, 
in the Time of one Revolution of the Earth about 
its Axis, the Sun is carried round from Eaſt to 
Weſt, that is, in antecedentia*, it is carried by a 1 
contrary Motion in the Ecliptic “, whereby ir “ 996 
comes later to the Meridian. 

But as the Sun does not * Day go thro' an 1143 
equal Space in the Ecliptic“, all the natural Days 997 
do not equally exceed the Revolution of the 
Earth about its Axis; therefore theſe Days are 
_ to one another. | 

atural Days are unequal alſo upon another 
Account, namely, by reaſon of the Inclination 
of the Ecliptic in reſpe& to the Equator ; whence 
it follows, that the annual Courſe of the Sun is un- 
equally inclin'd to the Equator in different Points; 
and tho* the Sun ſhould equally go forward every 
Day in the Ecliptic, the natural Days would not 
equally exceed the Time of the Revolution about 
the Axis; for if the Motion of the Sun be reſol- - 
ved into two Motionsꝰ, of which the one is patal- * 192 
lel to the Equator, and the other perpendicular 
to it, the firſt is only to be confider'd in derermi- 
ning the Exceſs above-mention*d ; and that it is 
unequal, is plain from the different Inclination 
above-mention'd. 

Theſe two Cauſes of Inequality often concur, 
and often act contrariwiſe. 

Every natural Day is divided into 24 equal Parts, 1144 
which are called Hours; each Hour is divided into 

Vo r. II. 988 | 60 
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60 Minntes, and each Minute into 60 ſecond M. 
mules, or Seconds; and ſo on. That theſe Part; 

1x: 1 - Time vary in different Days, appears plainly from 

 #:143 what has been *-ſaid ; they are by Aſtronomer; 
reduc'd to Equality, by conſidering the Number 
of Hours in the whole Revolution of the Sun in 
tie Ecliptic, and dividing the whole Time into 
. as many equal Parts as there are Hours, 24 of 
1145 which are taken for one Day. The Time, wh: 
Paris are by this Method reduc'd to Equality, i; 
called mean Time ; and that Reduction is called th: 

©, Equation of Time. | 

1146 We always make uſe of the Days and Hours of 1h: 

mens Time in determining the Periods of the heaven!) 
£ Molins. 1 | 1 

oe "*Derinirtion XIX. 

1147 The artificial Day is the Time that the Sun ftay; 
above the Horizon. © l 

1148 We always ſpeak of it when we mention Day 

in oppoſition to Night. In determining the Lengib 
7 8 Days, we ſhall not attend to the Equation 
ime. | 

2149... be Crepuſculum always comes before the Sun“ 

11150 Nie, and follows its ſetting ; this is that dim Light 

Which ue commonly call Morning and Evening T wi- 


.hghr. | 
1 0 55 Twilight is produc'd by the Atmoſphere, which 
n ts enhighten'd by the Sun's Rays, and whoſe Particles 
es the Light every way; from whence ſome 
Rays come 10 us, tho the Sun be depreſſed 18 De- 
. grees below the Horizon. 4 


- 


1152 © In the parallel Sphere, that is, to all thoſe that 
*:138 dwell under the ZEquator, ® the Days and Nights 
$2139 are equal to one another all the Year round®, and are 
„ FL | 

' +3153... 1a the oblique Sphere the Days are longer or ſhorter, 
41  arcording to the different diſtance of the Sun from the 
3 Ss +44 24 8 SE + * . . re - | E | for 
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Equator towards either Pole; ſor the Sun recedes 1131 


from the Equator towards the Poles 23 Deg. . y by 
29 Min.“ 1088 


The Sun is in the Equator about the 11th of March 1154 
and the 12th of September, and then the Day is 
equal to the Night* which happens all over the Earth, * 1194 


* juſt at the Poles. 


DzriniT1on. XX. 
2 Points of the Ecliptic, in which it is cut by 1155 
be Equator*, are called the Equinoctial Points, 1085 
berate the Sun is in thoſe Points when the above 
mention'd Equality of Day and Night happens. 


Dz#1in1iTion XXI. h 

Theſe Points of the Ecliptic, in which the Tropics 
touch that Circle *, are called the Solſticial Points; 1089 
becauſe for a few Days, when the Sun comes to 
thoſe Points, and goes beyond them, it does not 
ſenſibly change its 3 and the Length 
of the Days not ſenſibly vary. 

Under the Poles, if there be any Inhabitants there, 1156 
they can only once in a Year ſee the riſing and 
the ſetting Sun, and only one Day with one Night 
make up their whole Near ; the Sun continues above 
the Horizon all the while it goes thro? one half of 


the Ecliptic®, the reſt of the Time it is hid under *1085 | 


the Horizon; but yet their D 297 lengthen'd uon 
account of the Refrallin e; and the Twilights 25 2222 
very long, for they laſt as long as the Declination 
of the Sun towards the hidden Pole does not 
exceed 18 rees ®,. ITT 
At the Arttic Pals in the firſt ſix Signs, from 1158 
Aries to Libra, the Sun is above the Horizon; 
therefore at that Pole tbe Day exceeds the Night & 
natural Days *, beſides the R of the Night *:000 
i cunt of he Ration 0 „ 
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Theſe general things which relate to the diffe. 
rent Pofitions of the Horizon being explained, 
| ſame more particular things are to be examin'd, 
1159 The whole Surface of the Earth is divided into five 
Zones, the firſt is contain d between the two Tropic; 
1160 TTF (Plate XXIV. Fig. 2.) and called the 
torrid Zone. There are two temperate Zones, and 
two frigid Zones; the northern temperate Zone 
is terminated by the Tropic of Cancer T T and the 
1161 arctic polar Circle A A; the ſouthern temperate 
Zone i contain'd between 17, the Tropic of Ca. 
1162 pricorn, and the polar Circle a « ; the frigid Zone 
are circumſeriÞd by the polar Circles, and the Poles 
are in the Centers of them. 15 
1163 Tn the torrid Zone, twice a Year, the Sun goes thro 
1137 the Zenith at Nome; for the Elevation of the 
%160 Pole is leſs than 23 Deg. 29 Min.“ and the di- 
1127 ſtance of the Sun the Equator towards the 
Pole, which is above the Horizon, is twice ina 
*1087 Year equal to the height of the Pole“; for which 
1085 reaſon alſo in the Limits of that Zone, namely, 
1164 Ander the ics, the Sun comes to the Zenith only 
®1087 once in a Tear“. 
wy In ibe temperate and frigid Zane; the leaft height 
#125 of the Pole exceeds the greateſt diftance of the 
1867 Sun from the Equator *, and therefore to their 
1162 Inhabitants the Sun never goes thro the Zenith *; 
1166 yet tbe ſame Day the Sun riſes io a greater height, the 
e fs the beight of the Pole is, becauſe thereby the 
7 Inclination of the Circles of the diurnal Motion 
| with the Horizon is leſs. _ | 
any In the torrid Zone, and in the ate Zones, 
1135 every natural Day the Sun riſes and ſets, for the di 
11683 ſtance of the Sun from the Pole always exceeds 
®,087 the height of the Pole“; yet every where, hut un- 
1160 Ae the Equator ®, the ar! fetal Days are unequal i 
one another * ; which "Inequality is fo much the 
Er, the leſs the Place is di from « frag 
3 


- 
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But in the polar Circles, juſt where the tempe- 1169 
rate Zones are ſeparated from the frigid ones, the 
height of the Pole is equal to the diſtance of the 
Sun from the Pole when it is in the neighbouring 
Tropic ® ; and therefore in that Caſe, that is, once 108g 
a Year, the Sun in its diurnal Motion performs one 1091 
entire Revolution without going down under the Ho- 

But every where in @ frozen Zone the height of 1170 
the Pole is greater than the leaſt diſtance of the 
Sun from the Pole *; therefore during /ane Revo 1089 
lutions of the Earth, the Sun is at a diſtance from 1162 
the Pole which. is leſs than the Pole's height, and 
during all that time it does not ſet, nor ſo much 
as touch the Horizon“; but where the diſtance 1135 
from the Pole, as the Sun recedes from it, does ' 
exceed the height of the Pole or Latitude of the 
Place ®, the Sun riſes or ſets every natural Day * z 71127 
then in its Motion towards the oppoſite Pole, ii 9 
lays in the ſame manner below the Horizon, as was 1171 
{aid of the Motion above the Horizon®. 21136 

Theſe Times, in which the Sun makes entire 
Revolutions above the Horizon and below it, in 
its diurhal Motion, are ſo much the greater; that 
is, the longeſt Day and Night laſt the longeſt, the leſi 
the Place in the frigid Zone is diſtant from the Pole, 1172 
till at laſt, at the Pole itſelf, they take up the 
Time of the whole Lear. | 2004 

From the ſame Cauſes, namely, the Qbliquity 
of the Ecliptic in reſpect of the Equator, by which | 
ate occaſion'd all the things which relate to the 
Inequality of Days, which is different in different 
Places, we alſo deduce the difference of Seaſons 
which fucceed one another every Year: I ſhall 
ſpeak of them firſt in reſpect to the frigid and 
tempetate Zones, and then in reſpect to the tor · 


rid | 
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The Rays of the Sun communicate Heat to the 
Air, not only 'when they come directly from the 
Sun, but when they are reflected irregularly from 

„ 82 Bodies or the Surface of the Earth“. 

This Effect is ſo much greater as the Ra 
ſtrike the leſs obliquely nt the Surface of "4 

Earth, and that upon a double Account. 1. If 

ou reſolve the Motion of the Light into two 

ions“, one of which is parallel, and the other 
to the Surface of the Earth, the 

Load acts upon Bodies only by this laſt Motion, 

which diminiſhes as the Obliquity increaſes. 2. 
There are more Rays acting at one time u 
the ſame Part of the Surface of the Earth, the 
more directly they come upon it. 

1 95 Hence we deduce, that be Cauſes of Heat * 
| when the Days increaſe, by the Sun coming towards 

the Pole, which is above the Horizon, becauſe 

the Sun does daily aſcend to a greater height ; ſo 
ttzat to the diminiſh'd Obliquity is added the lon- 
ger Continuance of the Sun above the Horizon, 
both which concur to the increaſing of the Heat; 
the Nights alſo are diminiſh'd as — Days in- 
creaſe, and the Height that is produc'd by Day 

has leſs Time to decreaſe in. 

In the northern Zones, as follows from this, the 

Cauſe of the Heat is the greateſt of all when the 

1090 Sun comes to the Tropic of Cancer“; het the 

1174 Heat is not always the greateſt "where the of 

Heat is the greateſt, "47 the Heat increaſes as long 

as that which is acquir'd by Day is not wholly 

deſtroy'd by Night; for tho? the daily Augmen- 

tations | be diminiſh'd, as long as there is an Aug- 

= 1175 mentation the Heat increaſes. The moſt intenſe 
Cold is not upon the ſhorteſt Day, in which the 

Obliquity of the Sun's Rays is the greateſt, and 

the Abſence of the Sun the longeſt; but the 

Cold increaſes as * as the Diminution of Heat 
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does 
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does laſt; concerning which one may reaſon in 
the ſame manner as concerning the Increaſe of 
Heat. 

The Near is divided into four Seaſons, the botteſt is 11 76 
called the Summer, "the coldeſt the Winter ; the tem- 
perate Seaſon that follows the Winter, Spring ; and 
the Autumn comes in between Summer and Winter. 

In the northern Regions, in the beginning of Spring 1177 
the Sun appears to be in the beginning of Aries; in 
the beginning of Summer the Sun comes to the Tropic 
of Cancer; when the Sun enters Libra the Autumn 
begins 3 in the-b egining of Winter the Sun perform: 
its diurnal Motion in the. Tropic of Capricorn; all 
which may be eaſily deduc'd from what has been * 

lain'd“. 25 

'% the ſouthern Regions the Summer happens in i 8 
Time of the Winter above mention d, and they ha 
their Spring tobilſt th former have ad ar 
and ſo of the alber Senn s. 

The general Cauſes upon which the Dielen 
above-mention'd depends, are often diſturbèd b 
Cauſes relating to particular Places, eſpecially in 1 179 
the torrid Zone, of Which we ſaid we muſt treat 
ſeparately'; in moſt Places of this Zone there are 
only tien Seaſons obſer d (viz.) Summer and Winter,” 

—_ are eh ee by ary. apt wet Wea- 
, . 

en the Sun tomes lo the Zenith of diy Place 1180 
there are almoſt continual Rains, upon which ac- 
count the Heat is diminiſh'd, which Time is refer- 
red wo, or called Winter; as the Sun fecedes the 
Rains diminiſh; 4% Heat is increasd, and that- 1181 
Name in riferr*d to Summer. f 
In tbe middle of - the" forrid Zone there are Fay 1182 
dummer r, and af many Winters, 01 the Sun 
e up Twice 10 the —_— = yo *1163 
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Towards the Sides of the Zone, tho? the Sun 
comes twice to the Zenith, yet ſince there is but 

a ſmall Time between its coming to it the firſt 
and ſecond time, both the Winters are confound- 


| ed into one; wheretore only two Seaſons in a 
Year are EE there, | 


as CRAP... 
Concerning the Phanomena arifing from the 


. 
. © 


E have ſaid that e 
carried by a lel Motion ꝰ; we have 
not conſ{ader*d a ſmall Motion, whereby it is real- 
ly moved, of which we ſhall now ſpeak. 

The Axis. of the Earth keeping 
1183 66 Deg. 31 Min, 40 the Plane of the Ecliptic, re- 
in an tia ; that is, is ſucceſſively car- 


. 952 


1184 ried towards all Parts 3 and its Ex tremities (viz.) 


the Poles: of the World, deſcribe Circles round the 
Poles of ibe Ecliptic, from Eaſt to Weſt 3 and his 
Revolution is perform'd in the Time of about 25000 
Tears ; which Period is called the great Lear. 
Becauſe the Earth is look d upon as unmove- 

ible byte lnbobitncs,; this Motion is referr'd to 
the heavenly Bodies, as has been ſaid of the other 
Motions therefore whilſt the Poles of the World 
dr mov'd about the Poles of the Ecliptic in ante. 
cedentia, and paſs ſucceſſively thro a}. the Points, 

- - +, (that are 23 29 Minutes diſtant from theſe 
Poles, theſe Points themſelves, or rather the fixed 
Stars that are in them, come towards the Poles 
of the World ſucceſſively, and ſeem to be carried 
in conſequentia, and to deforibe Qurlcowhich! nec 
7 


the Inclination of 
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really deſcrib'd by the Poles of the World about 
the Poles of the Ecliptic, which being placed in 
Centers, alone are at reſt ; for together with the 
Stars above-mention'd, the reſt of the Stars (be- 
cauſe they keep the ſame Situation in reſpect to 
one another) * do alſo appear to be mov'd. * 923 
Therefore the whole Sphere of the fixed Stars 1185 
s to move, in conſequentia, about an Axis paſ- 
ing thro* the Poles of the Ecliptic, and each 
apparently deſcribes a Circle parallel to the Eclip- 
tic; by which Motion the Latitude of the Stars 
is not chang'd. 
The Plane of the Equator makes a right Angle 
with the Axis of the Earth, therefore by the 
aforeſaid Motion of its Axis, the Section of the 
Plane of the Equator, with the Plane of the 1186 
Ecliptic, is mov'd round; wherefore tbe firſt 
Paints of Aries and Libra“, which are always *,os; 
oppoſite, move thro" the whole Ecliptic Line in the 
Space of about 25000. in antecedentia ; yet they 
are look*d upon as immoveable by the Inhabi- 
ants bf the Nd, who. imagine that the fixed 
Stars themſelves are mov*d in conſequentia'®. 1186 


% n AK 1 
Concerning the” fixed Stars. 


E have ſaid that the fixed Stars are lucid 
Bodies, removed ſo far off, that their 

Diſtances can be compar'd with no Diſtances in 

the planetary Syſtem. ; for Aſtronomers. have not 1187 

been able, TO ens, ta obſerve be 

Poles of the World carried. out of thts Fees hs 

| annua 
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annual Motion of the Earth, altho* they deſcribe 


Circles in the Heavens winch are Sake to the 
952 Earth's Orbit.“ 


DzxFr1iNni1iTION I. 


* 


1188 This Motion of the Pole is called che aan 
Parallax. 

That the fixed Stars are at an imateaſs dence 

is alſo prov'd by Obſervations with the help of 

1189 Teleſcopes; if any fixed Star, even the lucid and 

conſpicuous, be beheld with a Teleſcope, thro* which 

the Diameter of the Sun would appear. equal to 

the Diameter of the Earth's annual Orbit, it will 

appear to be @ lucid Point, without any ſenſible Mag- 

_ antude; for all the fixed Stars appear leſs when 

© "they are ſeen thro* Teleſcopes, they do to 

tze naked Eye; for it is only their roinkling 

© * which makes them appear to have any S 
N. | 

1190 That yhe Stars may be ditions i'd, they are re- 

| ferr' d io various Figures, which are. imagin'd in the 

Heavens, and are called Conſtellations. wit 
1191 Twelve Conftellations are imagin' d to be in the Zo- 
diac, which ate called the Siqns of the Zodiac 3 they 


receive their Names from the Animals or Things 


1192 which they repreſent : Aries, Taurus, Gemini, 
Cancer, Leo, Virgo, Libra, Scorpius, Sagittarius, 
Capricornus, Aquarius, Piſces. Theſe Signs _ 
given their Names to 12 Parts of the Egliptic, of 

„geg Which we have ſpoken before. 


In the Time of Hipparchus, the Sections of the 


Ecliptie and Equator were between the Conſtel · 
lations of Piſces and Aries, and Virgo and Libra; 


and the Conſtellations gave their Names to thoſe 
Parts of the Ecliptic ” which- paſſed thro” each 


_ 


11 93 Conſtellation; and the Parts of the 2 
* the beginning of 4 8 Libra in the 
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Fions of the Equator and the Ecliptic, have kept the 
Names which they bad at that time, tho? theſe Inter- 
ſcclions be carry d from their old Places“; whence 1186 
the Sun is ſaid to be in Taurus when it moves 
among the Stars of the Conſtellation Aries. 


The Zodiac ſeparates the North Part of the 
Heavens from the South Part. 


In the nortbern Region are the following Conſiella- 1194 
tions : the leſſer Bear, the greater Bear, the Dragon, 
Cepheus, the Hounds, Bootes, the nortbern Crown, 
Hercules, the Harp, the Swan, the Lizard, Caſſio- 

a, Camelopardus, Perſeus, Andromeda, the Trian- 
gle, the leſſer Triangle, the Fly, Auriga, Pegaſus, or 
the Flying-borſe, Equuleus, the Dolphin, the Fox, the 
Gooje , the Arrow, the Eagle, Antinous, Sobicſkys 
Shield, Serpentarius, the Serpent, Mount Maænalus, 
Berenice s Hair, the leſſer Lion, the Lynx. 


In the ſouthern Region of the Heavens are the fol- 1195 
lowing Conſtellations, many of which are inviſible to 
us % * namely, the Whale, the River Eridanus, the 1131 
Hare, Orion, the great Dog, Rhincceros, the leſſer Dog, 
the Ship Argo, Hydra, the Sextant of Urania, the 
Cup, the Crew, the Centaur, the Wolf, the Altar, the 
ſoutbern. Crown, the ſouthern Fiſh, the Phenix, the 
Crane, the Indian, the Peacock, the Bird f Para- 
diſe, the ſouthern Triangle, the Croſs, the Hy, the Cha- 
meleon, King Charles's Oak, the. Flying. fiſh, the 
Toucan, or American Gooſe, Hydrus, or the Wa- 
ter-Serpent, Aipbias, or the Sword-fiſh. 


as Dm Is 0x1... 
The Stars which are between the Conſtellations are 1196 
called unform'd Stars. | Ar ned er 
The Stars are not equally lucid, and they are re- 1197 
ferr'd by Aſtronomers 10. /ix Claſſes ; the moſt lucid 
are 
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are called Stars of the firſt Magnitude, others are 
ſaid to — — agnitude, others 
. of the third, Sc. to the ſixth M — * 

1198 Some are not referr*d even to this laſt Claſs, and 
are called nebulous Stars. 

1199 There is alſo @ certain Zone or Belt obſerv'd in the 
Heavens, which is not every where of the ſame 
Breadth, and goes round the whole Heavens, and 
in ſome Places is ſeparated, fo as to become dou- 

1200 —— from its Colour it is called be milky May; it 

lain from Obſervations, by the help of the 

T cope, that this Way is an Aſſemblage of innu 

merable fixed Stars, which cannot be ſeen by the nated 

Eye, either becauſe they are leſs than the other 
Stars, or more diſtant. 

1201 Towards the Antardic Pole there are two Nube- 
culz, of the ſame Colour as the milky Way, which 
are alſo Heaps of ſmall Stars, and cannot be ſeen 
without a: Teleſcope z beſides the Stars which are 

| obſerv*d in _ Nubeculz, and in the mi 2 

t202 io whatſoever Part of the Heavens you- point 1 
ſcope, you may diſcover ſmall Stars in agree Number, 

which are not to the naked very often 

an Heap of Stars — to the naked Eye cob 

' but one Star. 

1203 — the Stars, ſeme are viſible and avi by 

Fits, and obſerve regular Periods ;, others are ſuc- 

— e ſometimes more lucid, ſometimes of a 

duller Light, and to be ſeen only by the pe 

a Teleſcope, and that at n Tias 

- 1204 Yet they are not equally m—_ at every Perid 

ſometimes Stars bave appear d the 

brighteſt in Light, which afterwards fucceſſroely de- 
 ereaſing,, have vaniſd in a hore time, and fiil 
remain 1moiſible. 

1205 Beſides the Stars, we er ve in the Heavens je 
veral mil Spot, N e 


S LFI N WD 


8 


9 a 


Book IV. of Matura! Philoſophy. 

and inviſible to the naked Eye ; their Light is re- 
ferr d to the Stars which are in them, or they 
are loak'd upon as nebulous Stars. | 

What theſe Spots are, cannot be determin'd ; 
perhaps they are a Congeries af Stars, which have 
the ſame ion to the ic Stars, as thoſe 
ue ſeen to the naked Eye. 
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Celeſtial Motions. 
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CHAP. x. 
Concerning univerſal G ravity. 


| heavenly Bodies, and the Phæno- 

mena ariſing from them, we mult 

| now examine by what Laws theſe 
—Motions are performed. 

| We have before laid down the Laws according 

* 124 to which the Motions of Bodies are directed“; 

125 if we add one to theſe, we ſhall ſee the whole 

126 Contrivance by which that vaſt Machine, the 

Planetary Syſtem, is governed. 

1206 The Law to be added to the reſt is this: All 

Bodies are mutually heavy (or gravitate) towards 

1207 each other ; this Gravity is proportional to the Quan- 

1208 ſity of Matter ; at unequal Diftances it is inverſly 3 

| Ib; 
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the Square of the Diſtance ;, that is, all Bodies mu- 
tually attract, or tend towards each other, with 
the Force which belongs to each Particle of Mat- 
ter acting upon each Particle; and the Force 
with which a Body acts upon others, is compoun- 
ded of the joint Forces of all the Particles of 
which the Body conſiſts; ſo this Force increaſes 
in the ſame Proportion as the Quantity of Mat- 
ter, and is unchangeable in every Particle; it is 
always the ſame at the ſame diſtance; but the di- 
ſtance increaſing, the Force decreaſes as the 
Square of the diſtance increaſes. 

We call this Force Gravity, when we conſider @ 1209 
Body which of itſelf tends towards another; becauſe 
this Force 1s called by this Name near the Earth's 
Surface “. 

But when wwe conſider a Body towards which ano- 1210 
ther tends, we call this Force Attraction; we mean 
the ſame Effect by theſe Names, and nothing but 
the Effect; for ſince all Gravity is reciprocal *, * 126 
it is the ſame to ſay, all Bodies gravitate mutually 
towards one another, as that Bodies mutually at- 
tract one another, or mutually tend towards each 
other, 

We look upon this Effect as a Law of Na- 
ture ꝰ, becauſe it is conſtant, and its Cauſe is un- 74 
known to us, and cannot be deduc'd from Laws : 
that are known, as we ſhall ſhew by and by. Now 
that there is ſuch a Gravity, is to be prov'd from 
Phenomena. 

All the primary Planets are kept in their Or- 
bits by Forces, which tend towards the Center of 
the Sun® ; therefore there is a Force by which 944 
the Planets are carried towards the Sun, and ** 
whereby the Sun tends reciprocally towards each 
of them“; that is, the Sun and Planets gravitate 1211 


mutually towards each other. ® 126 
| After 


9 
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After the fame manner it is plain, that h Sa. 
tellites of Jupiter and Saturn gravitate towards each 
other ; as alſo that the Satellites of Saturn gravitat: 
226 towards their primary Planet , and that toward; 
— them *. 
1213 The Moon and the Earth all gravitate toward; 
* 969 each other ®. 
126 Al the ſecondary Planets 
1214 Sun, Pay? mayer? frm of lar Motion 
about their primary Planets, * the primary 
Planets were at reſt ; whence it is plain, that they 
are carried about by the common Motion with 
the primary Planets ; that is, that the ſame Force 
by which the — Planets are every Moment 


7 — towards the 


carried to „acts upon the ſecondary 
ones, and that they —_ 2 towards the Sun with 
3215 —. ame e ry Planets; even the 
r which are 


a — as only to be feaſible wich ett to th 
Moon, 1 this Gravity of the ſecondary 
Planets towards the Sun ; for we ſhall ſhew here- 
after, that all the Irregularities are cauſed by the 
of the Moon's Gravity towards the Sun 
at a different diſtance ; and becauſe the Lines, 
in which the Earth and Moon tend towards the 
Sun, are not altogether parallel. 
1216 From the Gravity of the ſecondary Planet 
towards the Sun, it follows that the Sun gravilate 
126 towards them'®. 
1217 In reſpe& of the Gravitation of the primary 
P towards one another, Aſtronomers have 
_ obſerv'd, that Saturn changes i its Way when it i 
neareſt to Jupiter, which is far the greateſt of all 
the Planets ; ſo that it is plain from immediate 
Obſervations, that Jupiter and Saturn gravita!: 
toward each other. 
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Jupiter alſo in this Caſe, as Hamſteed has ob- 1218 
ſerv*d, diſturbs the Motion of the Satellites of 
Saturn, attracting them a little to itſelf; which 
proves that theſe Satellites gravitate towards Ju- 
piter, and Jupiter towards them. From all which 
Conſiderations * compar'd together, it follows, 1217 
that the 17 Bodies, of which the Planetary Sy- 1213 
ſtem is made up, mutually gravitate towards each 1212 
other, altho* no Hey ones inept e can, be 1355 
made concerning the Gravitation of each particu- 2 
lar one towards the reſt. 40 27 

The ſecond Part of the Law is*, that Gravity +, 207 
is proportional to the Quantity of Matter; that 
is, that all the Particles of Matter gravitate to- 
wards each other; and therefore that the Law of 
Gravity is univerſal, and that every Body acts 
upon all other Bodies; which, is deduc'd from 

The Forces of Gravity are as the Qualities of 1219 
Motion which, they generate“, and theſe Quan- |». 58 
tities, in unequal Bodies that are equally ſwift, 
are to one another as the Quantities of Matter; 
therefore ſince unequal Bodies, at the ſame di- 62 
ſtance from the attracting Body, move equally 
ſwift by Gravity“, it is evident that the Forces 127g 
of Gravity are proportional to the Quantity of 
Matter; we find the ſame in all Bodies near the 1220 
Earth's Surface, which have a Gravitation to- 
wards the Earth, proportional to their Quantity 
of Matter“; but the mutual Gravity of all theſe * 79 
Bodies towards one another is not ſenſible, becauſe ir 
is exceeding ſmall in reſpect of their Gravity to- 
wards the Earth, and therefore cannot diſtur 
their Motion ariſing from their Gravity tow 
the Earth“, at! 
Change in the Direction of their Motions. 


1 4 


ſo as to make any ſenſible - 190 


' 
| 
| 
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We ſhall preſently ſhew, by another Method, 
chat this univerſal Gravity of all the Particles of 
Matter, whereby they act upon one another, may 
*:222 he prov'd from Phanomena*. | 
_....» "The third Part of the Law which we examine 
., chat Gravity decreaſes when the Diſtance in- 
creaſes, and is inverſly as the Square of the Di- 
d1%1 5 which alſo 8 on 255 9 | 
1221 Bodies Which Gravity acts according to 
EN their any bf Matter, as in our Syſtem, are 
mov d with an equal Celerity in the ſame Circum- 
ſtances, as we ſald before; ſo that it is no matter 
whether the Bodies are greater or leſs, and they 
are moy*d as if they were equal; but in this Cafe, 
if the Force towards a Point decreaſes in an in- 
verſe Ratio of the Square of the diſtance from 
| chat Point, and the Bodies move at various Di. 
. 74 from it, and are kept in Circles by that 
Porce, the Squares of the periodical Times will 
239 wa one another as che of the Diſtances“, 
ich is demonſtrated 3 — to obtain 
in reſpect of che mean Diſtances) in elliptic Lines, 
© Whoſe Forces are directed to their Foci; but this 
& the Caſe in Bodies which revolve about the Sun, 
* Saturn, and Jupiters; whence it follows, that 
the Force of Gravity receding from the Centers 
of theſe Bodies, decreaſes in an inverſe Ratio of 
e ene 
1222 is Reaſoning, fu ravity propor- 
Ell to the Quan off Matter, we NNN" 5 
that it decreaſes in an inverſe Ratio of the Square 
of the diſtance; and by the fame Reaſoning, ſup- 
the Diminution of Gravity to be in this 
roportion,” it follows chat Gravity is propor- 


* =_Y the Quantity of Matter; as is very evi- 
| t. 40 inne — Nennen ang 

.. But we prove by another Argument, that the 
Diminution of Gravity, ſo often mention d, is in 
2 an 
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an inverſe Ratio of the Square of the Diſtance z 

ſo that there can remain no Doubt concerning the 

two Laws of Gravity, which we now treat of. 

The Planets are mov'd in Orbits at reſt “, and 1223 
are kept in them by Forces, which are directed » g2g 
to an eccentric Point o; but it is plain that this 931 
would not obtain, if the central Force did not 
increaſe in an inverſe Ratio of the Square of the 241 
Diſtance ®. A 243 

It follows from the ſame Reaſoning, that rece- 1224 
ding from the Center of the Earth, Gravity de- 
creaſes, according to the fame Law; for the 
Moon is retain'd in its Orbit by a Force which 
tends towards the Center of the Earth, that is, to 
an eccentric Point “; and tho' the Line of the * 967 
Apſides is not carried by a parallel Motion, its 966 
Agitation is ſo ſmall, if we conſider every Revo- 226 
lution, that it may be look*d upon here as quieſ- 
cent; for if we compute the Force which keeps 
the Moon in its Orbit ſo agitated, we ſhall find 
the Diminution of the Force of Gravity, in re- 
ſpect of the Moon, to differ very little from an 
Square of the Diſtance; and 
we ſhall ſhew hereafter that this difference de - 

upon the Action of the Sun. | 
And no Doubt will remain concerning this Di- 1225 
minution, if we conſider, that the Moon is kept in 
its Orbit by that very Force wherewith Bodies are car- 
ried towards the Earth, near the Earth's Surface; 
which is diminiſh'd, according to the Law ef Di- 
minution ſo often mention'd. The mean diſtance 
of the Moon is 60 © Semidiameters of the Earth; 
we have before ſhewn that a Diameter of the 
Earth contains 3400669 Rhyn/and. Perches “; 976 
whence knowing the periodical Time, we eafily | 
diſcover that the Moon in one Minute of Time 
goes "thro* 16425 2 Rhynland Perches of her Or. 
dit 3 this Arc is not the hundredth Part of one 
0:03 P 2 Degree, 


n Ae el Rieu BookiIV; 


Degree, and may be look*d upon as its Subtenſe, 
therefore the Diameter of its-Orbit is-to this Arc 
\ as the Arcitſelf is to its verſed Sine, which is diſ- 
cover'd to be of 15,736 Rhynland Feet, and it is 
the Space which the Moon and Earth would go 
.. © thro' in one Minute, coming to one another by 

; their mutual Attraction. The Celerity with 

© wifich a Body comes to another by the Force of 

** Gravity, depends upon the Force with which it 
. - - : ts attracted by that other, all whoſe Particles of 
Matter attract itz therefore the Celerities of the 
Moon and Earth, as they come towards each 
other, are inverſiy as the ntities of Matter 

in them, which is alſo deduc'd from the equal 

* 126 Quantity of Motion that is in each Body“; there- 
55 fore by this Proportion we diſcover how much of 
the aforeſaid Space (15,736 Feet) is gone thro' 
hy the Moon; as the Quantity of Matter in both 
Bodies is to the Quantity of Matter in the Earth, 

ſioo is the Space gone thro? by both Bodies in their 
mutual Acceſs towards each other to the Way 

gone thro* by the Moon only. The Quantities WW « 
of Matter in the Moon and in the Earth, as we 
ſhall ſhew hereafter,” are to one another as 1 to 
39» 37 3 and 40, 37 is to 39, 37 as 15,736 to 15, W : 
34, the Space gone thro? by the Moon; which 
therefore would be gone thro? in one Minute bj 

any Body, which at the Moon's diſtance ſhould WW i 

. _ be impelPd by Gravity towards the Earth; this 
/ 
8 


Force increaſing in an inverſe Ratio of the Square 

of the diſtance from the Center, the Space gone 

thro” in the fame time at the diſtance of a Semi- ¶ i 

- diameter of the Earth, that is, on its Surface, will MW i: 

de 60 0g K 15,344 (viz.) 56158 Feet; but C 

becauſe in every Motion equably accelerated, as 

here (for we.conſider the Force as remov'd from 

the Earth's Center to the diſtance of its Surface) 

the Squares of the times are * 
l ÞB $- 73 f 
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thro* in the Fall“, by dividing the Number by 131 
60 x 60, that is, 3600, we have the Space gone 
chro? by a Body in one Second near the Earth's 
Surface, by the Force with which the Moon is 
kept in its Orbit, which is diſcover'd to be 15,6. 
nland Feet. 
ow if we examine the Gravity which we dai- 
ly find in all Bodies near the Earth's Surface“, it 72 
is plain from what has been ſaid concerning the _ 
Motion of Pendulums *, and from Experiments 157 
made upon Pendulums, that a Body 1n falling 158 
goes thro* 15, 6. Rhynland Feet in one Second of 
Time, and therefore falls with the Force by 
which the Moon is kept in its Orbit. 

In this Computation we have neglected to con- 
ſider the Action of the Sun, becauſe it is ſmall, 
and ſometimes increaſes, ſometimes diminiſhes 
the Gravity of the Moon towards the Earth. 

We have conſider'd the Centers of the Bodies 
in examining the Law of the Diminution of Gra- 
vity, altho* Gravity belongs to all the Particles 
of Bodies ; becauſe it is plain by mathematical 
Demonſtration, that the Aion of a ſpherical Body 
(in which, in every Part, the Particles, that are 1226 
equally diſtant from the Center, are homogeneous, and 
which is made up of Particles, towards which there ts 
a Gravity that decreaſes,” receding from each of them 
in an inverſe Ratio of the Square of the diſtance) is di. 
refted towards the Center of the Body; and receding © 
from it, is diminiſþ'd in the ſame inverſe Ratio of the 
Square of the diftance; ſo that ſuch a Body acts as 
it all the Matter of which it conſiſts was collected 
in its Center; whence we deduce the following 
Concluſions. © ae 


That on the Surfaces of Bodies, in which the Mat- 1227 


ter it homogeneous at equal Diſtances from the Center, 
the Gravity is direct as the Qyantity of Matter, and © 
inverfly as the Square of the Diameter for in *, 207 


* 


| a208 theſe Bodies the Diſtances from the Center are as 
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the Diameters. 


1228 That on tbe Surfaces of Bodies that are ſpherical, 


eneous, and equal, the Gravittes are as the Den- 
fities of the Bodies ; for the Diſtances from the Cen- 
ter are equal, in which Caſe the Forces of Gravity 
*1207 are as the Quantities of Matter“, which 1 in equal 
* 228 Bodies are as their Denſities . 
79 That on the Surfaces of the Bodies that are ſphberi- 
1229 cal, unequal, bomogeneous, and equally denſe, the Gra- 
208 vities are inverſly as the Squares of the jameters?, 
becauſe the Di from the Center are in the: 
*:207 Ratio of thoſe Diameters®, the Gravities alſo are 
directly as the Cubes of their Diameters ; for the 
Quantities of Matter in Spheres are in that Ratio; 
and the Ratio compounded of that direct Ratio of 
the Cubes of the Diameters, and the inverſe Ra- 
tio of their Squares, in the direct Ratio of ihe Dia- 
meters themſelves. 
1230 Therefore #f both the Denſities and the Diameter, 
differ, the Gravities on the Surface will be in a Ratio 
*1228 compounded of- the Denſities & and the Diameters * 
©1329 therefore dividing the Gravity on the Surface by 
1231 the Diameter, you will have he Denſity ; which 
* is in a diret Ratio of the Gravity on 
urface, 8 
1232 4 . lac d in a Sphere that is 
— MAE oy thickneſs, where- 
ſoever it be placed it bas zo Grevity, the oppoſite 
Gravities mutually deſtroying one another pre- 
1233 ciſely ; whence it follows, that in an 
Spberr a Body coming towards the Center, gravi- 
cates towards the Center only from the A Aion of 
the Sphere, whoſe — is the diſtance 
of che Body from the Center ; which Gravity di. 
'  ereaſes in coming towards the Center, in the Ratio 
1229 ohe diftance from the Center; for all Matter, v 
* a, er Gs Tom. the Center, forms an 
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hollow Sphere, in which the ſeveral Actions on 
a Body deſtroy each other. ® 232 

We have ſaid, that the Gravity which we have 
hitherto explain'd, is to be taken for a Law of 
Nature, becauſe we don't know the Cauſe of i It, 
and becauſe it depends upon no Cauſe. that is 
known to us; which will evidently appear, if we 
attend to what follows. | 

(Viz.) That Gravity requires the Preſence of the 1234 
atiratting Body : ſo the Satellites of Jupiler, ex. * 
gravitate towards Jupiter, whereſgever it be“. 

That the diſtance remaining the ſame, the Cali 
with which Bodies are carried by Gravity, depen 5, 
upon the Quantity of Matter in the atiratinng Body“; 
— that the Cala is not chang'd, let the Mall of 8 1295 
the gravitating Body be what it willꝰ. 1207 

Beſides that, 4 Gravity depends upon any knawn 1237 
Law of Motion,it ought to be referr*d to a Stroke from 
an extraneous Body; and becauſe Gravity is conti- 
nual, a continual Stroke would be r —2 

If there be ſuch a Sort of — continually 
ſtriking againſt Bodies, it muſt of neceſſity be flu- 
id and very ſubtile, ſo as to penetrate all Bodies; 
— any how {but up in others are 


NS. ow let a Mathematician conſider, whether a 
Fluid ſo ſubtile as freely to penetrate the Pores of 
all Bodies, and ſo rare as not ſenſibly to hin 
the Motion of Bodies (for in a Place void of 
the Motion of a Pendulum will be continu'd very 
long) can impel vaſt Bodies towards one another 
with ſo much Force; let him how this 
Force increaſes in a Ratio of the Maſs of the B 
dy towards which another is carried“. $& Bf) 
Laſtly, let him ſhew, what ſeems moſt diſficult 
to me, how all Bodies, in any Situation whatlgq- 
ever (if the diſtance, and the Body towards which 


N 


1235 


the Gravitation is, remain the ſame) are carried 


P 4 with 


2 
| 
| 
| 
| 
1 
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16 with the ſame Velocity “; that is, how a Liquid, 


which can only act on the Surfaces either o the 


Bodies themſelves, or their internal Particles, to 


which it is not hinder'd from coming by the In- 
220 of other Particles, can communicate 
ſuc uantity of Motion to Bodies, which in 


all Ble exaAly follows the Proportion of the 


Quantity of Matter in them, and which in this 
Chapter we have prov'd to obtain every where in 


Gravity, and which we have demonſtrated by a 


dire& Experiment, in reſpect of the Gravity near 


» -» the Earth's Surface 


1238 Yer we don't fay that Gravity 


does not 
- 4epont any Stroke, but that it does not follow from 


that Stroke, according to any Laws known to us ; 


and we confeſs that we are entirely ignorant of the 


| Cauſe of Gravity. 


— — _— 7 —p 


0. H A P. XII 
«Of the celeflial-Morter ;-where a Vacuum 


ies... — 


0e. 


Aving. explained the gane whereby the 
whole planetary Syſtem is govern'd, ſeve- 
Ss Ws laid down before we 
ceed to the phyſical Explication of the Syſtem. 
— by ſaying ſomething of the ce- 


FTeſtial Matter, that is, of the Medium in which 


'-- the Bodies that make up the Syſtem are mov'd; 


* 


which would be done in few Words, if all Philo- 
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We have before prov*d that a Vacuum is poſſi- 
ble“, now we are to demonſtrate that there is 13 
really one; from only conſidering Motion we can de- 1239 
duce a Vacuum, and this is a very common and 
uſual way of proving it; to ſee the Force of 
which Argument, we muſt conſider, that indeed 
all Motions are not impoſſible without a Vacuum, 
but moſt of thoſe which are daily obſerv'd, which 
might be fully evinc'd by a longer Diſcuſſion ; 
but it ſeems to me to be ſo evident from the fol- 
lowing Conſideration, that it would be uſeleſs to 
add much more. 

The Figure of the leaſt Particles is unchange- 
able, for the Particle whoſe Figure may be chan- 
ged, conſiſts of ſmaller Particles, which are mo- 
ved in reſpect to each other; and therefore if it. 
has a changeable Figure, it is not one of the leaſt 
Parts. | 

Bur if the Figure of theſe Particles be unchange- 
able, 'and a Body can move between them, with- 
out ſuch a Separation of the Particles as to leave 
a void Space, this will depend on the Figure of 
the Particles, and the Relation which they have 
to one another, which a Mathematician will not 
deny 3 therefore if keeping things in this State 
(as to their Figure and Relation) the Particles are 
increaſed, even in that Caſe Bodies may be mov'd 
without a Vacuum. 

Now ſuppoſing the ſmalleſt Particles increas'd 
to the bigneſs of a cubic Foot, whatever be their 
Figure and Relation with the other Parts, which 
we ſup increas'd in the ſame Proportion as 
the let any one conſider, whether Bodies 
of any bigneſs can be carried between thoſe Parts 
in right Lines, and in all forts of Curves, and yet 
never ſeparate the Particles, ſo as to leave Vacu- 
ities between them ? | Bs 
. c 
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| We cannot conceive how the moſt ſubtile Parts 
| are made, and therefore often attribute to them 
ſuch Properties as do not follow from their Fi- 
gure; but theſe Errors will be correed by ima- 
gining the Particles increaſed. 
1240 We alſo prove a Vacuum by an Argument taken 
from Refiſtance. | 
Me have ſaid that Matter is inactive“; ſome 
diſpute about the Word, but no Man denies the 
thing 3 whence it follows, that a Body cannot 
move thro? a Fluid without undergoing a Reſiſt- 
® 219 ance®, and conſequently a Retardation*. The 
330 Reſiſtance ariſing the inertia of the Matter 
(which Reſiſtance alone is here conſider'd) de- 
pends upon the Quantity of Matter to be remow d 
out of its place, which js the ſame whether the 
* Parts of a Fluid be greater or leſs, if the Celerity 
of the Body remains the ſame ; whence it follows, 
that in determining what relates to the Reſiſtance, 
we muſt have no regard to the Subtilty of the 
Fluid, as long as it cannot go thro? the —— of 
Bodies ; for if we come to ſuch a Fineneſs of 
Parts, that a Fluid ſhall partly penetrate a Body, 
| | it will lefs reſiſt the Body. dns 
| Now let us ſuppoſe any Ball or ſpheric Body 
| to be mov'd along in a Medium of the ſame Den- 
fity as itſelf, and ſo cloſe, that the Parts of the 
| Medium cannot paſs thro' the Pores of the Body, 
this Body will be retarded every Moment; ſo 
that its Velocity at laſt will be reduc'd to half (as 
| may be prov d by a mathematical Demonſtration) 
before the Body has gone thro twice the Length 
| | In order to apply this Propoſition to a Motion 
| in a very ſubtile Fluid, which freely trates 
| the Pores of all Bodies, 203 fills all Places, we 
2H mult conceive a ſpherical Body without any Pores 
| at all; and that ſuch a Body may be * 
5 y 


—_— 
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by imagining all the Particles of Matter cloſel 
Nd, no Body will deny. F 

That the Reſiſtance of ſuch a Body in an age 
does not depend upon the Bigneſs of the Parts o 
the Fluid, and is the ſame, whether the Parts of 
the Fluid be equal, or any how unequal, is evi- 
dent. 

If every thing be full of Matter, this Body can 
only move thro* a Fluid of the ſame Denſity as 
iſelf, for it muſt run againſt all the Matter which 
is in thoſe Places thro* which it paſſes; and in 
them the Matter is without Interſtices, as it is in 
the Body ; therefore it will loſe half its Velocity 
before it has run thro' the Length of twice its 
Diameter. 

Now let us ſuppoſe the Body ro be increas'd, 
the Quantity of Matter remaining the ſame, and 
the Body continuing homogeneous ; that is, let 
there be Pores in the Body, thro* which the moſt 
ſubtile Particles of Matter may paſs very freely, 
and let theſe Pores be equally diſperſed all over 
the Body; if the Body thus chang'd be mov*d, 
the very ſubtile Fluid, of which we ſpeak, will 
not run againſt the whole Surface, but only thoſe 
Parts of the Surface which are between the Pores; 
which Parts being taken together, becauſe we 
ſuppoſe the Body homogeneous, are equal to the 
Surtace of the Body in the firſt Suppoſicion, when 
we conceiv'd it to be without Pores ; for the Bo- 
dy being increas'd, the Surface has not been chan- 
Pore but only dilated by the Interpoſition of 

ores z ſo that in both Caſes rhe Body will un- 
dergo the ſame Reſiſtance from the Impulſe upon 
the Surface, and the Reſiſtance on the dilated 
Body is greater, from the Fluid running againſt 
the internal Parts of the Body; wherefore this 
Body will ſooner loſe half its Motion in the ſe- 


cond than in the firſt Caſe, that is, before it has 
run 
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run thro* the Length of two Diameters of the firſt 
ſuppoſed Bigneſs 3 and therefore it loſes a greater 
Quantity of Motion in going thro* two Diame- 
ters of the Bigneſs ſuppoſed in the fecond Caſe. 

But this is contrary to Experience; for a ho- 


mogeneous Ball of Gold, or Lead, c. loſes a 


1241 
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much leſs Quantity of Motion than what we have 
mention'd in Water or Air; whence it follows, 
that the Suppoſition that all Things are full of 
Matter, is falſe ; therefore there is a Vacuum. 

That there is a Vacuum, does alſo agree with the 
Phenomena relating to Gravity ; by which it fol- 
lows, that it is proportional to the Quantity.of 
Matter; if all was full of Matter, Gravity would 
act equally every way, and the Forces which are 
directed towards oppoſite Parts, would deſtroy 
one another ; and therefore no ſenſible Gravity 
would be obſerv'd, which is contrary to Expe- 
rience. <4 

Theſe being premiſed, we muſt return to the 
celeſtial Matter. | 

The Motions of the heavenly Bodies do not de- 
pend upon the Motion of the celeſtial Matter, it 


* 1238 there be ſuch a Matter“; whereby is overthrown 


the Opinion of thoſe which ſay that the heavenly Bodies 
are carried along by the common Motion of the Matter 
which fills our Syſtem. This Opinion is alſo over- 


thrown by the Motion of the Comets; if there 


was a Medium in the Syſtem which carried about 
the Planets in its Motion, and alſo the Comets, 


it would at leaſt fenfibly diſturb theſe laſt in their 


Motions, whilſt they come almoſt directly to- 


wards the Sun, or directly recede from it, or are 


carried in antecedentia, that is, in a Motion con- 
trary to the Motion of that Matter; now as this 
Motion is not diſturb'd, but follows the Way 


which depends upon Gravity, as it is — 
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it is plain, that if there be any celeſtial Matter, 
and that it is in motion, it does not exert a 
ſenſible Action on the Bodies of the planetary 


Syſtem , which js alſo deduc'd from the ſmall 


Reſiſtance of ſuch a Medium ; for by comparing 
the moſt ancient Obſervations with the modern, 
it does not appear that the Planets are ſenſibly 
retarded in their Motions: Yet in Air the Reſiſt- 
ance is ſenſible, wherefore the Denſity of the Me- 
dium, in which the Planets ſhould move, muſt 
be almoſt immenſely leſs ; therefore tbe planeta 
Syſtem is not filled, unleſs it be by ſuch à fubti 
Medium. 


1243 


But we may from. the Diviſibility of Matter 


deduce, that a Quantity of Matter, how ſmall 
ſoever it be, may be diſperſed all over the plane- 
tary Syſtem, leaving but very ſmall Interſtices“. 


—_—— 


G 
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C HAP. XIII. 
Concerning the Motion of the Earth. 


Eſides the Queſtion that has been handled in 
the foregoing Chapter, there is alſo another 
to be examin d, before we proceed to the Expli- 
cation of the whole Syſtem. | 
That no Doubt may be made concerning the 
Syſtem, which has been explained in the firſt 
Chapter of this Book, we muſt here prove the 
Motion of the Earth, concerning which it is no 
Wonder that. many have doubted ; for the cele- 
ſtial Motions cannot be determin'd by us, but by 
Obſeryations made by Obſervers on the 1 


222 Mathematical Elements Book IV. 
and the ſame Phænomena appear, whether the 
Bodies themſelves be moved, or the Spectator be 

gez moved “; fo that it is not to be prov'd by imme- 
diate Obſervations, whether the Motion of the 
Earth is to be referr*d to the heavenly Bodies or 
nOr. 

1244 That the Earth is carried about the Sun, is dedu- 
ced from the Analogy of the Motions, and from an 
Examen of the Laws of Nature. | 

As to what relates to the Analogy of the Mo- 
tions, it is to be obſerv'd, that Satellites revolve 
about Jupiter and Saturn, which are leſs than the 
central Body; that the Moon revolves about the 
Earth, than which it is leſs: laſtly, that the Sun 
has revolving about it leſs Bodies than itſelf, as 
Mercury, Venus, Mars, Jupiter, and Saturn; now 

if che Earth revolves with the reſt, then every 

1245 where in our Syſtem the leſſer Bodies move about the 
greater + Now there would be an Excepiion in this 
Rule, in reſpeft of the Sun, if that vaſt Body was 

* 975 10 go round ſo ſmall a Body as the Earth *. 

About the Sun Jupiter and Saturn, about which 
ſeveral Bodies revolve, thoſe move the ſloweſt which 

1246 are moſt diftant from the central Body, and aecord- 

ng to this Rule, that the Squares of the periodi- 

cal Times follow the Ratio of the Cubes of the 

* 974 Diſtances * ; which Rule may be applied to the 
Earth, if it be carried about the Sun with the reſt 
of the Planets, as appears, if its periodical Time 
(namely, the Time in which the Sun appears to 
ora an entire Revolution) and its Diftance 
from the Sun be compared with the Diſtances and 

riodical Times of the reſt of the Planets. 

Now this Rule has only one Exception; if the Sun 
be mov'd about, the Earth is at res; in this Cafe 
Mercury, Venus, Mars, Fupiter and Saturn, are 
ſubje& to this Rule in their Motions, as alſo — 
Das ye 
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five Satellites of Saturn, and the four Planets that 
accompany Jupiter, only the Moon and the Sun 
would move above the Earth in a Proportion 
quite different, and then the Celerity of the Sun 
would not only be greater than is required by this 
Law, but its Velocity would at leaſt be 26 times 
greater than that of the Moon, tho? it be remov'd 
to a vaſt diſtance from the Earth in reſpect to the 
Moon's diſtance ; and therefore in this reſpect the 
Analogy of the celeſtial Motions would be di- 
ſturb'd. 

To theſe 1 I ſhall add others, where- 
by it will clearly appear, that the Motion of the 
Earth is a neceſſary Conſequence of the Laws of 
Nature, which are deduc*d from Phænomena. 

All Bodies gravitate towards one another“, 1247 
therefore che Sun and Earth do; but the Motion *: 205 
whereby theſe Bodies tend towards one another, 
is deduc*d from direct Obſervations ; which ſo- 
ever of theſe Bodies moves abour the other, de- 
ſcribes Area*s by Lines drawn to the Center of 
it, proportional to the Times, which is evident 
from aſtronomical Obſervations ; therefore the 
Body mov'd is retain'd in a Curve, by a Force 
which 1s directed towards the Center of the 
other“. Now as Re- action is always equal to * 226 
Action “, unleſs the Laws of Nature, which ob- 126 
tain conftantly every where, be wholly over- 
turn'd, theſe two Bodies tend towards one ano- 
ther with equal Motions, that is, with Celeri- 
ties that are inverſly as their Maſſes “, which is * 6; 
alſo immediately deduc*d from the Law of Gra- 


Quantity of Matter in the Earth is next 
to nothing, in compariſon to the Quantity of 
Matter in the Sun, as we ſhall ſhew in the fol- 
lowing Chapter; wherefore the Sun muſt move 


very 


223 
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very ſlowly whilſt the Earth comes towards it very 


ferftly. 


Whence it follows, that the Earth is carried 


round the Sun, leſt it ſhould fall upon the Sun by 


that very violent Motion whereby it 1s retained 
in its Orbit. 

This Motion of the Earth is alſo deduc'd from 
the ſame Principles another way. 


Two Bodies that are carried towards one ano- 
ther by any Force, will at laſt concur, or con- 
tinually recede from one another, unleſs each of 
them be ſo mov*'d as to have a centrifugal Force, 
equal to the Force whereby it is carried towards 
the other Body ; but as the Bodies which gra- 
vitate towards one another, tend towards each 


126 Other with equal Forces“, or what is the ſame*, 
* 65 with Celerities that are inverſly as the Quan- 
1235 fities of Matter“, theſe Bodies cannot perſc- 
1248 vere in their Motions about one another, unleſs 


both of them be ſo mov'd as to have equal cen- 
trifugal Forces, which does not happen, unleſs 
they both revolve in equal times about their com- 
mon Center of Gravity; that is, if this Propoſi- 
tion be applied to the Sun and Earth, unleſs they 
both move about a Point, whoſe diſtance from 
the Center of the Sun is to its diſtance from 
the Center of the Earth, as the Quantity of 


Matter in the Earth is to the Quantity of Mat- 


ter in the Sun, they cannot perſevere in their 


* 234 Motions about one another“: This Point, or 
235 Center of Gravity, muſt of conſequence be 


very near to the Sun's Center. Now ſince 
which ſoever of theſe Bodies moves, it perſe- 
veres in its Motion about the other, it follows 
that both of them are affected by the Motions 
above-mention*d „ and that the Sun is * 

* | | ut 
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bot a little, whilſt the Earth deſcribes a very 
great Orbit; whence it follows, that the Motion 

of the Earth cannot be denied by any one who 

; reaſons from the Laws of Motion, that are de- 

4 duc'd from Phenomena. | 

Having prov'd the annua! Motion of the Earth, 1249 

| and brought back the Earth among the. Planets, 

mM FF there remains but little difficulty in relation to the 
Motion of it about its Axis, for no Body that be- 

o- W lieves the annual Motion doubts of this; a great 

n- MW many who allow of the Motion about the Axis, 

of deny the annual Motion; therefore it will be 

e, enough to obſerve by the bye, that all the Pla- 

ds W nets, concerning which any Obſervation could 

a- be made in reſpect of this Motion, do move 

ch MW about their Axes ; and that the Earth has ſuch a 

„ Motion, be uniform diurnal Motion in Bodies, at 

n- W any Diſtances, does plainly enough ſhew ;. to which 

ſe · ve muſt add, that the Celerity of the fixed Stars 

els going thro' one whole Revolution in leſs than 24 

n. Hours, can hardly be more probable than it is 

els W conceivable. 

m- This Motion alſo is diſagreeable to the Nature 

i- ef all the heavenly Bodies; for if bey are carried 1250 

e wund, they muſt every Day, with an equable 

mM W Motion, deſcribe Circles that have the Earth for 

"Mm WF their Center; that is, they muſt; by Lines drawn 

ol MW to the Center of the Earth, ſweep thro* Area's "a 

at- W proportionable to the times, and be retain'd in 

cir W their Orbits by Forces which are directed towards | 

or che Center of the Earth“, and by which (by rea- 226 

be ſon that Action and Re-attion *® are equal) the + 126 

nce W Earth muſt alſo be continually attracted towards 

e: thoſe Bodies, ſo that it muſt neceſſarily be agitated 

"3 i by a very violent Motion; whence it appears that 

ons WW the diurnal Motion muſt not be referr'd to the 

vel WY heavenly Bodies, but to the Rotation of the 

hut Earth about its Axis. 

Vor, II, Q Thoſe | 


mu — —- 


7 r a Circle parallel to the Equa 


every 
©. -- harly to the Surface of the Earth. A 
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1251 Thoſe who obſtinately affirm that the Earth 
is at reſt, object, that Bodies upon the Surface of 
the Earth muſt (on account of their centrifugal 

Force) recede from the Earth along a Tangent to 

tor“: We anſwer ; 

That che Bodies, in the Places where they are, 

are carried round with the fame Motion as the 

Surface of 'the Earth ; and therefore, that in re- 

of rhe-Points of the Surface, they endeavour 

* 223 to recede in Lines ular to the Axis“; 

but alfo that Bodies by Gravity tend to the Cen- 

*,226 ter of the Earth“; and therefore by a Motion 


compounded of both theſe the Body is continual- 


190 ly moved, or endeavours to move * ; but becauſe 
198 the firſt Motion is extremely ſmall in reſpect of 
the other, a heavy Body is turn'd but very little 
out of its Direction towards the Center, and the 
Gravity is a little diminiſh'd, ſo much the more 
as the Place is more diſtant from the Pole; which 
agrees with Experience. We ſhall hereafter ſhey, 
when we come to fpeak of the Figure of the 
Earth, that the above-mention'd ey nn of 
heavy Bodies is where directed ICU- 
y which 
is thrown upwards is acted upon, not by the 
Motion wherewith it is thrown dh is alſo 
carried by the Motion chat is impreſs'd to the 
Perſon or Machine that impels the Body; that 
is, it is carried by the Motion which is common 
_ wich the Surface of the Earth, and therefore the 
b re- in the ſame Line (the Line being 
cCurtied on with the Surface of the Earth)' as i 
ac the Earth Wb ut Tele,” | 
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Book IV. of Witural Philoſophy. 
HAP. XIV. 
Concerning the Denſity of the Planets, 


DD Efore we proceed to the phyſical Explana- 
D tion of the Syſtem, we muſt determine the 
Quantities of Matter in ſome Bodies, and their 
Diverſities ; which being known, the Effects of 
the Laws by which theſe Bodies are govern'd will 
more eaſily appear. 


The Quantities of Matter in different Bodies 
are to one another as the Gravities at the fame 


diſtance from theſe Bodies ®, which Gravities are 1209 


to one another inverſly as the Squares of the perĩ- 
odical Times of the Bodies revolving abour thoſe 


different Bodies at the ſame diſtance *; by multi- 236 


plying the Quantities which are in this Ratio by 
the ſame Quantity (viz.) by the Cube of this di- 
ſtance, the Ratio of theſe Quantities will not be 
chang'd, which are therefore to one another az 
the Quotients of the Diviſions of the above men- 
tion'd Cube by the Squares of the periodical 
Times aſoreſaid ; but the Quotient of ſuch a Di- 
viſion is found for any Body dy dividing the Cube 
of the other diſtance, ſet it be Hat it will, by the 
Square of che 2 Time of the Body revol- 
ving at that diftanee; for ſuch Qaorienrs are equal 
to one another for all Bodies that revolve about 
the fame Body at any Diſtances, as follows from 


the Equality of the Ririo between the Cubes of = 


the Diſtancks ahd the Squares of the periodical 


Times at thoſe Diſtances“; from which we de- 974 


duce, that the Qranilies of Murter in any Bodies in 
our Syſtem, dre t0 one undtber dirritihj us ! 
the Diſtances at which other Bodies revolye about 

D Q 2 theſe 7 


Cubes F 1252 


1235 that Planet“; and Venus may be conſider'd as 


| *:252 the aforeſaid Rule“, in order to compare the 
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theſe, and inverſly as the Squares of the periodical 
Times of theſe — Bodies. - £ 

Theſe things are demonſtrated by ſetting aſide 
the Agitation of the central Body, whoſe Quan- 
tity of Matter is enquired after. | 

By reaſon of the Sun's Magnitude in reſpect of 
Venus, ex gr. which alone we conſider of the Pla. 
nets, the Sun is ſcarce mov*d by the Action of 


moving about a quieſcent Body. 
The Satellites of Jupiter and Satury are indeed 
carried s the common Motion 2 the 
primary Planets, but by reaſon of the Magnitude 
of the primary Planets, they are carried about 
them as about Bodies that are at reſt. 

But the Moon acts ſenſibly enough upon the 
Earth, and moves it; wherefore before we can 
compute the Motion of the Moon by the help of 


* ntity of Matter in the Earth with the Quan- 
53 tities of Matter in the Sun, Jupiter, and Salum, 
wee muſt determine tbe diſtance. at which the Mon 

would move about the Earth, if it was at reſt (that 

is, not carried about by the Action of the Moon) is 
tbe ſame periodical Time in which it now performs iu Ml © 

Revolution ; here alſo we don't take notice of the 

Motion that is common to the Earth and Moon, WW it 

by which they are both carried about the Sun. 

The Moon perſeveres in its Motion about the 


Se} wy © — 


Earth, therefore the Earth and Moon are mov - 
about a common Center of Gravity, as follow I 

from what has been demonſtrated concerning the 
*; 248 Earth and the Sunꝰ; and the Moon (with chat .. 
Force with which it tends towards the Earth) re- Q 
volves in an Orbit, whoſe Semidiameter is the di Q 
ſtance of the Moon from the aforeſaid comma WW > 

fir 


201 Center of Gravity of the Moon and the Earth. 
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Let L be this diſtance of the Moon from the 
common Center of Gravity, T the diſtance of the 


229 


Earth from the fame Center, L _ T therefore is- 


the diſtance of the Moon from the Earth, and is 
bo half Semidiameters of the Earth; for here we 
conſider the mean diſtance. Let D be the di- 
ſtance which we would have, at which the Moon, 
1. Gravity towards the Earth, would move 

t the Earth, if it was at reſt. in the ſame. 
Time in which it is now mov'd about the e 
mon Center of Gravity at the diſtance L. 

By reaſon of this Lquatiry* of the perfdgithe 
Times, the Force whereby the Moon would be 
kept in its Orbit at the diſtance P, is to the Force 
whereby it is 75.50 in its Orbit ar the diſtance E, 
3 D to L“. 8 

But the Forte deeb 15 Moon would tend 
to the Earth, and be kept in its Orbit at the 
diſtance D, is to the Force — 7 70 it is now 
kept in in its Orbit at the diſtante L ＋ Tas 


e De, Therefore. 


D. Lr. + LES 14 D | ren? 


ede Br = = LxL + NF nd DS DET: © 
LT T. whence we deduce the follow- 
ee, nue 417 melt n tes 
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Therefore L I. T. D::L+T, is to the firſt 


1 Proportionals between L T and 
181 "+ 1 0 
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LTTIito L, as the Quantity of the Mat- 


ter in the Earth and Moon taken together, to the 


Quantities of Matter in the Earth a ſbhe “; which * 234 


Quanticies'of Matter, as we hall ſhew hereafter,” 
are to one another as 40, 37. to 39,37. and The 
firſt of two mean Proportionals to 2 


3 Is 


* 
oi 
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23 dle dune me n. 


is 40,383 therefore 37. is l as 60 


the diſta h t 
J 
1 


be tie 1 jog 

che Ratio between the M Nabe te Nag 9 te 
Earth be known, which _— a pn 

the Ratio: between, t the Sun 

and the Earth be found; $0 Nen which, it is 


neceſlary that the diſtance Own. 4 FP 
fore D is diſcover d at firſt by, 


afly, determin'd by Ap ae 
certain that this is & Semi Santa diame e 
. this BY ſuppos 0 40 re 


Vari 


tities atter o 
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the hercafter ; by ropgr- 
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at © fl Laſtly, cha difence.of a Moon is, 
755 diameters of the Earth from jts Center 85 
of the aſoreſaid arts ; its mean periodical Lime 
dae 43 Minutes. 
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If you divide the cubes of theſe Diſtances-1 10 1254 
f by the Squares of the Times, 
you will have in the Quotients, Numbers which 
are to one another as the Quantities af Matter in 
the aforeſaid central Bodies * ; which Quotients 1252 
are to ane ee —— Numbers. vs 
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N bs the Ca. Is Fat Is Savers, Hu the Barbs 
pong, 1 ooo. 9.248. 4.323. o, 0. N 


We have alſo the Proportioa of A Piameters 95h 
of e Bodies from. en e e 
follows. 
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-- 15 % 13 * 14 
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Diame- beak Sun. Of ape Of Saturn. op Earth. 
ters J 10009. 1077. 889,104. 


If che Onde of Matter aboveſaid be divi- 12 57 
ded by the Squares of the Diameters,. the Quo, 
tients will be to one another as the Weights on. 
the Surfaces gf the afoxefaid Bodies 5 and theſe vr 


Qotients are as. the following Nui 
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We ſhall determine the ory Are the 2 
in the laſt Chapter. 

It is not ble that the aforeſaid Bodies are 
hom us; we ſhall ſhew in relation to the 
Earth, in the 17th Chapter, that it is denſer to- 

- - . *wards-the Center than towards the Surface; from 
whence it follows, that the Denſities cannot be 
exactly determin'd ; wherefore we only determine 

- the mean Denſities, that is, which tbe Bodies would 
1261 have, if the ſame Bodies, keeping the ſame Quantity 
of Matter and Bulk which they now have, | ſhould be- 

come 

1262 The above-mention'd Propor 
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| on between the Den 
71260 fities, in reſpett of all the Bodies, and the reſt of the 
Computations in reſpect of the Sun, Jupiter, and 


Saturn, 4 22 ny ſenfible 3 when they 
are compared with the Earth there may be ſome Ex. 


ror, which muſt be corrected by Obſervations to 

de made hereafter; for we ſuppoſe the diſtance 

of the Moon (which is 60. Semidiamerers of the 

1 to he 2,909 ſuch Parts, of which Venus i 

ſtant from the Sun 723, that is, of which the 

ay + Earth is diftant from the Sun L000® 3 which di- 

ſtance of the Moon is diſcover*d” by ſuppoling the 

322 horizontal Parallax of the Sun 10”, which cannot 

be look' d upon as abſolutely true, altho? It be de- 

duc d from the moſt exact Obſervations that have 

hitherto been made of the Parallax of Mars when 

irt is neareſt of all to the Earth, which is to6 ſmall 
21108 to leave us without of ſome Miſtake *. 

But the Error, in not determining truly the 

Proportion between the Semidiameter of the 

Earth and the diſtance from the Sun, does not 

the determinꝰd Denſity of the Earth, 2 


is deduc'd from Computations made about it. 
For it follows from theſe, that the Denſities oſ 
Bodies are to one another in a Ratio compound - 
ed of the direct Ratio of the Cubes of the Diſtan- 
ces 


* 
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ces of the Bodies carried about, and the inverſe 
Ratio of the Squares of the periodical Times of - 
theſe revolving Bodies“; as alſo of the inverſe 1254 
Ratio of the Cubes of the Diameters of the central 
Bodies, whoſe Denſities are required“; the Ra- *:257 
tio, compounded of theſe, is compounded of the 1259 
direct Ratio of a FraQtion, whoſe Numerator is 

the Cube of the diſtance of the revolving Body, 

and whoſe Denominator is the Cube of the Dia- 
meter of the central Body, and the inverſe Ratio 

of the of the periodical Time of the Body 
carried about; but you have ſuch'a Fraction, if 

you know the Ratio between the Diameter of the 
central Body and the diſtance of the revolving 

Body from that Center, altho* this diſtance can 

be compar*d with no other; but this Ratio is gi- 

ven in of the Earth and Moon, as well as 

in reſpect of the other Bodies; wherefore alſo the 
Ratio of the Denſity of the Earth to the Denſities 

of the other Bodies is exactly diſcover. | 
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N the firſt Part of this Bock we have ſhewn 
what are the Motions of the Bodies in the 
planetary” Syſtem 5 now we muſt explain how , 
theſe- Motions follow from the Laws of Nature; 125 
that is, how theſe Bodies, being once put in mo- 12 
tion, rern ch we ob- 1206 
ſerve. 71 po 4 
Let us coliceive he der and to be lefe * 
to themſelves, and they will come together “; but · 1206 


if ——_— be projefted, they may revolve about a 
common 


234 Matheratico) Elemente Bodk IV. 
| common Center of Gravity ia equal Times, and 
21248 deſcribe immoxeable elliptic Lines“, and porſe- 
1293-vere in that Motion; for it is plain, hy mathe- 
'24! matical Demonſtration in that Caſe, that tha Bo- 
dies will. deſerihe Ellipſes about the common: Cen- 
ter of Gravity, Gmilar to that which che one of 
them could deſcribe with the fame Forces about 
the other, if it was at reſt; this Centes, on ac: 
235 count gh the Sun's Magaigude:*, i vety little db 
ſtant from the Center of the Sun itſelf. 1 10 | 
2 us conceive beſides, Kengs to be pegjefcd 
greater diſtance from the Sun, it wall a lieele 

Acud the the Mation of As, Which al, — 
Action upon Yerys, will turn it alittle cut of the 
way, and hoth will draw the Sun, ſometimes the 
= way, and ſometimes different ways but 
we find all theſe Nregularities axe inſenſible, if we 
conſider the Magnitude of the Sun, and therefore 
that theſe threg Bodies tond towards a Point that 
is between them, near the Sun, which therofore is 
very little diſtant from the common n Center of 

all-- 3 

If the Earth, Mars, mod the other T be 
-faccellively p at different Diſtances + 4 

1264 the Sun, the ſame Reaſ will hold Da; 
whence it follows, that alt the Nanets are. ved 
about the common Center of y of all the Bodies 
which compoſe the Syſtem, which is but little diſtant 
from-the-Suns; andi that the Planets do not ſenſi- 
126; bly diſturb, one another in their Motions ;. where 


foro gh; all deſaibe the. ſame: Ling fingy, which they 


Vaud deſcribe about the Sum, if every ona of them-was 
255 alone with. 11 
immeveable Ellip 


err 


pore 8 bo de- 
nbd by — 
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I; will alſo more plainly appear, that all the 
Planets tend to a Point near the Sun, if we conli- 
der that the (Want of Matter in che Sun is 


1000 times and more g than the Quantity 
of Matter in Jupiter We fr che reatelt of 
all the Planets “. 5 15 FR 1255 


When all be Tur move, tho' they, move the 1266 
Sun, but e as they do move it, and draw it 
925 according to their different Situation. 
in reſpect of one 25 er; whence there 2009 a 
ſmall 105 in the Sun, Which always d lepends 
upon the 7 * already acquired, CAD 
Chang e W hick ha ip it from the Action 
Wee Iich ch varies every dment. 
ng, to. this Agitation of hes N 9 as ow 1267, 
Pa di 25 one wig 75 in Ibein e 4710 
W th n if. 0 $4. Tb in i 
the mi le of th, Syſen SEE, 5 8. oy: 
equally diſtant from 1 d the St * 0 
wml 2 85 99, thoſe Bodies. to itſelf wi Th 


Y; whence he Situation, in 1 "#1235 


Jeri  -- > 


th char the 8 
ee Dees 


According to the g Various, Net 
0 Sb j and. the. 9 . 1 


N her ig more atttactec 
is al ways a hor relies 9 — 


Na . nay both 9 I ger fl Way, than 
Mar .oply ſhould, be 
e HIT 7 


— 2 may he «ppl, 1. 11 1 Sea 
ns of the a - 
1 5 upd. . are lefs, diſtant. As. 


F 2 Jon. of tho 5 5 re 
hom. ö 694 n. ed. 
5 5 9 Fa . ry, lapet 

55 drive it from th ad 598. 
96158 20 one whole reſpective Revolt on, that 1 — 
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the Motion from one Con junction to another, the 
moth is leſs than if the Sun was immove- 
| able 

1268 The Magnitude of the Sun, compar'd' with the 


reſt of the Bodies of our Syſtem, is the reaſon (as 


appears by what has heen already demonſtrated) 
that the Planets diſturb one another but little; 


but ſince the Magnitude is not infinite, theſe mu- 


tual Actions muſt not be wholly overlodk'd. 
We have faid, that it appears by aſtronomical 

| Obſervations, that Jupiter alters the Way of a- 

21217 turn when it is neareſt to it“; wh this Diſtur- 
bance is more ſenſible than the reſt, is deduc'd 

from the Law of Gravity. 

1269 The Actions of Fupiter upon e it 
is neareſt to it, and of the Sun u 5 the ſame Pla- 
net, by which it is kept in 1 its 
another directly as the Quantities of Matter in 

*:207 Jupiler and the Sun“ (viz,) as 9,248, to 10000, 

* 2185 inverſly as the Squares of the Diftances of 
Jupiter and the Sun from Saturn, that i is, directly 
as Fi to 16 ; for the Diſtances of Satur and Ju- 

1270 Her from che Sun are almoſt as g.to 5 ; Wwhere- 

* fore when Jupiter is neareſt to Saturn, the Diſtan- 
ces of Saturn from Jupiter and the Sum are 18 4 to 
2 The Ratio compcunded of the two afbteſad 

atio'g is 48 749 to 160000, or as 1 to 214. * 
Aion of J e conſpires with the Gravity 9 
turn towards the Sun, and therefore increaſes E 
Part; whence it is no 9 that the Diſtur- 
bance is ſenſiblle. | N 

We don't here confßiger the Force which 
Tupiter attracts the Sun, for che Orbit of Saum 
is not chang'd by it; "and Ada? we had to explain 
was, why Aſtronomers 15 bſerve Saturn to be rurn- 
ed out of the way; ehe ae e 


upon the Sun, che; got nigher to Sa- 
5 192 Sher HZ: "Turn, 


rbit, are to one 
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turn, and the reſpective Situation of theſe Bodies 
is more diſturbꝰd than is diſcover'd by aſtronomi- 
cal Obſervations; the Force with which Jupiter 
in the aforeſaid Poſition attracts the Sun, and 
with which therefore the Sun is attracted towards 
Saturn, is to the Force with which Jupiter attracts 
Saturn as 16 to 25*; that is, as 479 to 7493 120 
which Number expreiſes the Force with which 
Saturn tends towards Jupiter, when the Gravity 
of Saturn towards the Sun is expreſs'd by 160000, 
If we collect into one Sum the Forces of Jupiter, 
by which it attracts Saturn and the Sun, the Force 
by which, from the Interpoſition of Jupiter, theſe 
Bodies tend towards each other, will be to the 
Gravity of Saturn towards the Sun as 1228. to 
160000 z but this Gravity is to the Gravity of 
the Sun tawards Saturn as 160000 to 67,5 * ; 120 
wherefore the mutual Acceſs or Approach of the Sun 1255 
and Saturn, is to the _— of {ou OR by the 1271 
Aftion of Jupiter interpoſed, as 1 7 to 1228, 
or as 130 to 1. n 

This Diſturbance is remarkable, and far the 
greateſt of any that happens in the Motion of any 
of the primary Planets; this alſo obtains only 
in this one Caſe of the Conjunction; for when 
Jupiter recedes from Saturn, the Diſturbance of 
the Motion of Saturn in a ſhort time becomes 
inſenſible. 5 nog n 5 

In the ſame Poſition of Jupiter, when it is near- 
eſt to Saturn, the Force of Saturn, altho' it be 
the greateſt of all in this Caſe, does not ſo ſenſi- 
bly alter the Way of Jupiter about the Sun; the 
Action of Saturn attracting Jupiter, is to its Action 
by which it attracts the Sun, as $1 to 16 * ; there - 208 
fore it attracts Jupiter with greater Celerity; and 
lince they are both attracted the ſame way, the 


difference of theſe Forces is the Force with which 
; (from 
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(from the Action of Sahm) Jupiter and the Sun 
+ 17; Ale Npafatedd from each other “, which is there. 
fore td the Gravity of the Sun towards Saturn 14 
65 to 16; bar this Gravity of the Sun towards 
Sami is to the Gravity of Jupiter towards the 
— Sun as 4,223. to 10000“, and as 25 to 81“ 
51288 that is, as 106 to 8 10000, or as 16 to 122756; 
12055 therefote the diſturbing Force of Saturn is to 
the Gravity of Jupiter towards the Sun as 65 to 
1272 122756, or as 1 to 1888 ; therefore by tbe great. 
eft Aftion of Saturn, the Gravity of Jupiter toward; 
be Sun is diminiſh'd only by rt Part, which Di- 
ſturbance is inſenſible. a 


The other mutual Diſturbances of the Planers 
are much Tefs,as will appear by determining that, 
which is the 8 of them all (vz.) that of 
Mars by Jupiler, which is diſcover'd dy the ſame 
ſort of Computation as the foregoing. 


Thbe diſtance of Jupiter from Mar; and the Sun, 
when Mars is between the Sun and Jupiter in the 
„961 fame Line, are as 7 to 10 3 wherefore the For- 
962 ces with Which Jupiter attracts theſe Bodies, arc 
21280 48 100 to 49 * ; the difference of which Forces is 
to the Sag of the Sun roWards Jupiter as 51 
to 49. This Gravity of the Sun towards Jupiler, 
is to the Gravity of Mars towards the Sun, a: 
e120 9,248 to 1000 *, and as g to 100“; that is, as 
1255 83 to 1000000, or as 49 to 590443 3 And the di- 
1208 ffurbing Force of Jupiter, is to the Gravity of 
Mars towards the Sun, as 51 to 590443, or 3s ! 
1273 to 11577 1 whierefote ihe Gravity of Mats toward; 
lie Sun is dimihiſÞ'd only rr Part by the Aftion of 
Jupiter when neareſt wit, . 
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Book IV. of Natutal Philoſophy. 239 
Alcho' theſe Diſturbances , ariſing - m 762 1274 
Actions of the Planet upon each biber, be very ſmall, 
and altho* thoſe which happen in a different Po— 
ſition of the Planets, do in forme meaſure com- 
penſate each other, yer the Proportion in Which 
the Force which keeps the Planets in their Orbits 
decreaſes, is a little chang'd by theſe Actions, ſo 
that it does not decreaſe exactly in an mverſe Ra- 
tio of the Square of the Diſtance; therefore al- 
tho? the Orbits are at reſt as to Senſe, after 4 
great many Revolutions, a ſmall Change is . 
m their Situa lion ® 243 
From all this it follows, that if we ſuppoſe the 929 
Planets at firſt once projected at the Diſtances i 
from the Sun, at which os are move, they will, 
by the Laws already explain'd, perſevere in thoſe 
Motions; and the REecentrieity of the Orbits de- 
pends upon the Ceterity and Dir@ion of the firſt 
Projection; but theſe Motions may be preſerv'd 
very long by reaſon of the a Refiſtance of the 
celeſtial Matter. ' © 
It is alſo plam, why, dy I Mes ern to the 
Center of the Sun, wry deferibe Aras propor- 
tionable to the Times j hamely, beeauſe all other 
Gravities in the Syſtem are very ſmall in feſpect 
to the Gravity towards the Sun “; therefore by 1265 
this Gravity alone it is that they are renin" th 
their Orbits; whenee follows this Pri ion f 
the Area's *, And alſo the Motion in elliptic * 225 
Lines, which are carried on very flewly, follows 
from the Law of and thife Lines 
would alſo be immovesble, if che Planets gra. 
vitated only towards che Sun“; but this ffow * 24; 
Motion of the Orbits is dedde'd Rom. the Action 1208 
of the Planets one another . Now in re- „21. 
ſpect to the Pr whieh is obſerv'd be 
tween the Cubes of the Diſtances and the Squires 
of the periodical Fistes, it is alſo dedue'd _—_ 
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* 239 the Law of Gravity - ſo that if we add to theſe 


11298 hat we have ſaid of the Deflection of Saturn, 


©1217 


1270 nothing will remain to be explain d in reſpect to 
the | ary Planets. ; 
That the Motion of Comets depends upon the Law 
of Gravity, is alſo deduc'd from Obſervations; 
and in reſpect of them, as has been ſaid concern- 
ing the Planets, the Sun's Gravity prevails, and 
by that Gravity they deflect from a rectilineat 


1276 


980 Courſe ; but that the Curvature of their Way 


226 de the ſame Gravity, follows from 
+-- © this; that a Body, by that Gravity, will de- 
ſcribe an Ellipſe, or a Parabola, or an Hyper. 
® 241 bola ; which Lines it appears that thoſe Comets 
1208 have deſcribed, whoſe Trajectories have been de- 

termined. -. | * 
1277 The Satellites of Jupiter and Saturn are moved 
2 92 by the ſame Laws about their Primaries, as the Pri. 
maries are moved about the Sun“; wherefore the 
. Explication of thoſe Motions may be alſo re- 
ferr*d to them; for in theſe three Caſes, ſmaller 
Bodies are revolving at different Diſtances about 
a-much greater Body ; namely, Satellites about 
222 and Saturn, and primary Planets about 

n. . | 

1278 Whilſt ſecondary Planets are moved about a pri 
mary one, it is evident that they may all be moved 
with one common Motion, whereby the reſpective 
- Motions with which they are mov'd in reſpect of 
each other, will not be diſturb'd, becauſe a Body 
may at the ſame. time be mov'd by different Im- 
® 125 Pres! the Motion that a primary Planet 


in common. with its Satellites, is the Motion 

olf a primary Planet about the dun. 
1279 . Yet the Motion of the ſecondary Planets is diſturb'i 
by the Action of the Sun, towards which they are cat. 
ried, ſometimes faſter, ſometimes lower, accord- 
ing to the different Poſition of the Primary; by 
313 | ; of 
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ſe they alſo often concur towards the Sun's Center 

„In different Directions. Theſe Irregularities, | 
o which are very ſmall, cannot be obſerv'd in the | 
i Satellites of Jupiter and Saturn, tho? they be really 
like thoſe which are obſerv'd in the Motion of 
the Moon; the leaſt Deviation of this laſt is very | 
1- ſenſible to us. But that the Irregularities of the 1 
d Wl Moon exactly follow from the Theory of Gravi- | 
ir Ml ty, will appear in the next Chapter. | 


 % 
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CHAP. XVI. 


The phyfical Explication of the Moon's | 
Motion. | 


T is certain that the Moon and Earth having 1280 
once a projectile Motion given them, they 
can perceive in their Motion about their common 
Center of Gravity“, if they be carried any way 1263 
by a common Impreſſion directed in parallel 
Lines, as was ſaid of the Satellites of Jupiter and 
Saturn*, this Motion will not diſturb the Motion 1278 
about the common Center of Gravity, which will | 
follow that Direction only, becauſe in reſpect of 
the two Bodies it is at reſt ; but the Bodies. are | 
carried by a Motion compounded of that Impreſ- 
ſion, and of the Motion about the common Cen- 'N 
ter of Gravity“, that is, they are whirPd about * 1906 1 
that Center as it is carried along, as before its | 
Motion when it was at reſt. If every Moment 
new Impreſſions. common to both the Bodies act Ss 
upon them, the Way of the Center of Gravity C | 
be. chang'd every Moment; which Change | 
will be like that which the Bodies. themſelves N 
ould undergo if they had no reſpective Motion. 


Vor. II. R Hence 


Mathematical Elements Book IV. 
Hence we deduce, that if whilſt the Moon and 
Earth are whirl'd round their common Center of 

Gravity they be both projected, the Way of the 
Center of Gravity, by the Action of the Sun act- 
ing upon both Bodies, is the ſame as a Body pro- 

jected in the ſame manner would deſcribe about 
the Sun. 

- 1281 Whence it follows, that the Moon diſturbs th: 
Motion of the Earth, and that the common Center of 
_Gravity of thoſe Bodies deſcribes that Orbit about the 
Sun, which we have bitherto ſaid that the Earth di- 
ſcrib'd; becauſe we look*d on the Action of the 

1282 Moon ; but the Earth deſcribes an irregular Curve. 
1283 Fig. 4. Plate XXIV. ] Let the Sun be at 8, and 
the common Center of Gravity of the Moon 
and the Earth at M, at the time of the F ull-mooe, 
be at F; after one whole Lunation, that is, the 
next Full- moon, let that Center be at A; and let 
FDA be the Orbit which we call that of the 
_ Earth, but in which it is the Center of Gravity 
above-mention'd that does really move. 
If this Lunation be divided into four equal 
Parts, after the firſt, the Center of Gravity will 
be at E, the Moon at P, and the Earth at L; 
after the ſecond, Part of the Time at New. moon 
"the Center of Gravity will be at D, the — at 
R, and the Earth at I; in the following uad 
ture the Center of Gravity will be at B, the 
at O, and the Earth at H. Laſtly, at Full- — * 
the Center of Gravity being at A, the Moon will 
be at N, the Earth at G; all which follows from 
tlie Revolution of the Farth and Moon about 
their common Center of Gravity, whilſt it is car- 
"ried | in the Orbit about the Sun. 
Therefore we ſee the Farth moves in the Curve 
 MLIHG, which is twice infleted in each Lu- 


nation; which Curve alſo does not return wr” 
2 ell, 


3 i 
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ſelf, becauſe the Inflections in the ſeveral Revo- 
lutions about the Sun do not coincide; for 12 
Lunations, and a third Part of another, are Pro 
form'd every Lear. * 
This, Irregularity of the Mation of the Earth, which I 264 
b deduc'd from the Laws of Nature, is too fall 
to become ſenſible in aſtronomical Obſervations 
wherefore we may without an 2 ſay, wy 
the Center of the Earth itſelf deſcribes the Orbit 
FDA; for MF, or DI, tlie greateſt diſtance 
of the Earth from that Otbit, is about the zoth _ 
Part of the diſtance IR, which diſtance itſelf Is h 
hot the zooth Part of the diſtatice F S. 
In explaining what relates to the Moon, tot 295 1285 
Abe Conſideration of the Motion of the Egrth 
t the common Center of Gravity above- mention u, 
but wwe ſuppoſe it to tevolbe at the Ranct of 60 Seni. 
. the Center of the Earth; becauſe, 
as we have before demonſtrated *, ſüch is che di- 11257 
ſtance at which in its periodical Time it could 
revolve about the Earth at reſt, or be carried a- 
long in an Orbit in which it mould not be di- 
ſturbꝰd by the Moon's Action; by this Method 
the Moon's Irregularities will be much more ea- 
fly diſcover d, for they are the ſame, as is evi - 
dent, whether the Moon moves about the com- 
mon Center of Gravity of the Moon and Earth, 
or about the Center of the Earth itſelf. 
. Plate XXV. Ng. 1. ] Let 8 be the Sun, T the 1286 
Earth, and the Orbit of the Moon A L BI; and 
laſt of all, ler the Moon be at A in the Quadra- 
ture; it tends towards the Sun in the Direction 
As, in the ſame manner and with the ſame forge 
tat che arch s.earried towards S al TS 
becauſe the Diſtances A S and TS are 
os be repreſented. by L or L whe 7 
ve Moon wann, to deſcend pA. rl 


: 
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and is refoly*d into two Forces, by drawing the 
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Parallelogram A DST; fo that the Moon will 
endeavour to move in the Directions A D and 
N A T by Forces repreſented by thoſe Lines“. 


By the Force which acts along A D, the Moon 
5 Red with the ſame Celerity and the ſame 
ay 


of the Earth, by reaſon. of the equal 10 
ll Lines TS — AD; wherefore by th 
atian the relation between the Moon and 
not chang d, but the Force along A T con- 
ires with the Gravity of ihe Moon towards the 
tb; and this Gravity 45 increaſed. by the Afiyn 
F tbe Sun, when the Moon is in the atures ; 
aud the Augmentation or Addition is to 1 Gravity q 
the Earth towards the Sun, AT, the Moon's di. 
tance from the en, is 10 8. * Earth; diftance 
from the Fun. 
12898 T5. tbe: Bart i difleve from the den iin 
the fame, the abqve- mention d Addition of Gravity 
2 n 
Bot this dittince'of the Mod from the Ext 
AT, if it remaitis the ſame, and T8 be incres- 
ſed, then A F will be leß in reſpect of AS; there 
fore thoꝰ there ſhould be no Change in the Force, 
the Earth and Moon fall towards the 
Sun, the Addition will be leſs, and fo much leb 
2358 TS is greater, that is, it will be inverſly as 
TS; but the Force of Gravity does not remain 
the fame when TS is incread d, but is diminiſh'd; 
wherefore alſo in that reſpect the above-mention'd 
Addition is diminiſh'd, and in the fame Ratio 
with that Force of Gravity, therefore it is the in 
*1208 Verſe Ratio of the Square of the diſtance T'S*; 
if this be added to that above · men- 
tio d, . 


* 
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—.— the inverſe Ratio of the Cube of the 1289 
nee of the Earth from the Sun. 

The diſtance of the Earth from the Sun remaining 1290 
the ſame, tbe Gravity of the Moon towards the Earth 
decreaſes mare ſlowly in the YQuaaratures, than accord 
ing to the inverſe Ratio of the Square of tbe diſtance - 
from the Center of the Earth; tor if the Addition 
in that Caſe ſhould follow the inverſe Ratio of 
the Square of the diftance, as the Gravity from 
the Action of the Earth does *®, this Ratio would 1208 
not be diſturb'd 3 but the Addition increaſes when 
the Gravity itſelf is diminiſn'd ; wherefore the 
Addition, when the diſtance is increav'd, is always 
greater than is required, and conſequently the 
Diminution the leſs. 

This Addition is determin'd in the mean Di- 1291 
ſtances of the Moon from the Earth, and of the Earth 
from the Sun. Let A T and ITS be theſe mean 
Diſtances, the Addition required is to the Gravity 
of the Earth towards the Sun as A T to T'S*; 1 
the Gravity of the Earth towards the Sun, is o 
the Gravity of the Moon towards 'tbe Earib (becauſe 
theſe” Bodies are retain'd by theſe Gravities in 
their Orbits) directly as I S to T A, and weverſly -- 
as the Squares of the ical Times of the Earth 
about the Sun, and ef the Moon about the Earth®*; » 237 
therefore the Addition required is to the Gravity 1236 
of the Moon towards the Earth, in à Ratio com- 
pounded of theſe Ratio's ; at is, the above 
mention d inverſe Ratio of the Times 
of the Earth and Moon, the other Ratio's de- 
ing one another ; theſe Limes are given; — 
their Squares are inverſly as x to 176,73. | 

No if the Moon be at L Piaπο K V. Bx 19 1292 
in which Situation the Sun attracts the Moon and 
Earth in the ſame Line, but not equally, the 


Moon it draus wicht a greater force, becauſe mis 


leſs diſtant from ity the differenco of thoſe/Forees 
N R 3 | is 


8 
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s the Force by which the Moon is drawn back i; 
from the Earth, and by which the Gravity of che mc 
Moon towards the Earth is diminiſn' d. ni 
The Forces whereby the Moon at L, and the Ned 
Rarth-at T, tend towards the Sun, are to one 
9208 another as the Squares of the Lines ST and SL*; WC: 
and the difference of the Forces, that is, the di fin 
ſturbing Force, is to the Force by which the g 
Earth deſcends toward the Sun, as the difference dil 
of thoſe Squares to the of the Line L. 5, ket 
that is, nearly as double LT to LS or TS, for Nit 

theſe Lines do but very little differ from one ano- 
1293 cher; and the difference of the Squares, uboſe Rob 
differ but little, is keeping the Proportion anl. that din 
__— is between the Roots. doh 
If therefore T8, as before, e e nat 
1— the Earth deſcends towards the Sun, L | WW :h« 
will repreſent the diſturbing Force and diminiſh- 
ing Gravity, when A I repreſents the diſturbing 
era Force in the Quadratures*. Let the Moon be at 
1294 l, it is again (together with the Earth) attracted 
by the Sun in the ſame Line ; but the Earth, be- 
cauſe leſs diſtant, moves more ſwiftly towards 
zog the Sun ꝰ ; ſa that there is a Force which ſepa- 
rates the Earth from the Moon, namely, the dif- 
--: * ference of the Forces which Ar the Moon and 
tie Earth ; which Force always acts contrary to 
the Gravity of the Moon towards the Earth, and 
diminiſhes it, in the ſame manner as has been de. 
monſtrated from the greater Gravi of the Moon 
towards the Sun, ſuppoſing it at L. At allo 
the ſeparating Force ſcarce differs from the ſept 
rating Force at 1. x for. this Farce, as we hav 
. £04 1 enn, is propottianal to the difference of the 
_  Squaresof che Lines IS and L. S and that (4 


ppeatt by — — propor: 
4ional co the difference of the: Squares, of the Lins 
3 TS wbich ä 5 
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very ſmall in reſpect of ITS, ſcarce differ a- 
mong themſelves 3 ſo. that the Force which dimi- 
ſhes the Moon's Gravity at /, is alſo repreſent- 
ed by LI. 
Yet the diſturbing Force is ſomething greater at the 1295 
(junction L than at the Oppoſition ]; for ſuppo- 
ing the Differences between the Roots to be 
equal, the Squares, keeping the Proportion, will 
differ ſo much the more the leſs they are; and fo 
keeping the Proportion, the Forces differ more 
it L and T than at T and i, which alſo are leſs“. 1208 


From this we conclude, that the Force which 1296 
liminiſbes the Gravity of the Moon in the Syzygies, is 
double that which increaſes it in the Quadratures ; 
umely, as Ll to AT; wherefore in the Syzygies 
the Gravity of the Moon from the Action of the 
Sun is diminiſh'd by a Part, which is to the whole 
Gravity as 1 to 89, 36; for in the Quadratures 
the Addition of Gravity 1s to the Gravity as 1 to 
178,73“. 1291 

In the Syzygies the diſturbing Force follows the 1297 
ame Proportion with half added to it, that is, 
vith the diſturbing Force in the Quadratures * ; 1296 
it is therefore direfly as the diſtance of the Mcon 
from the Earth*, and inverſly as the Cube of the di- *1288 
fance of the Earth from the Sun“. *1289 

At the Syzygies the Gravity of the Moon towards 1298 
tbe Earth receding from its Center, is more diminiſb- 
ed than according to the inverſe Ratio of the — of 
tbe diſtance from that Center; for it would be di- 
miniſh*d in that Ratio, if the Force to be taken 
way follow'd the fame Ratio; but on the con- 
trary, as it increaſes when the diſtance becomes 
greater “, the Diminution is always greater than *: 297 
in that Ratio. —— | 


. Plate 
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1299 Plate XXV. Rz. 1.] Laftly, let the Moon be 


® 192 


at F, in any intermediate Place between the Sy- 
Zygy and Quadrature, it is drawn towards the 


Sun al S, by which, fince it is lefs diftant 


than the Earth T, it is attracted with more Force 
than the Earth; let the Force with which the 
Moon tends to the Sun be to the Force with 
which the Earth is carried towards it as FM to 
T'S, which alſo before has been made uſe of to 


exprels the ſame Gravity of the Earth ; draw the 
Parallelogram 


FH MI, whoſe Diagonal is FM, 
and whoſe Side F H is parallel and equal to the 
Line T'S; the Motion of the Moon towards the 
Sun is reſolv*d into two Morions, one along FH, 
the other along FI, and theſe Lines denote the 
Forces whereby the Moon endeavours to move 
along them* ; the Motion along F H is common 
to the Moon and the Earth, which with an equal 
Force, and in a Line parallel to it, does alſo tend 


do the Sun; ſo that by this Motion of the Moon, 


the Situation of it, in reſpect of the Earth, will 
not be chang'd, and the diſturbing Force will be 
only the Motion along F I. , 

By reaſon of the immenſe diſtance of the Sun, 


the Part MS of the Line M F is ſmall in reſ 


ol the whole, and the Angle FS T, where it is 


ing how little ſoever it need be 


the greateſt, as AST, is hardly more than the | 
fixth Part of a Degree ; whence it follows, that 
the Lines MI and SN are very near one another, 
and that the Points I and N are ſcarce ſenſibly 
diſtant, and may, without any ſenſible Error, be 
confounded together ; which Error, notwithſtand- 
regarded in conſi- 

tion of one whole Revolution, is compenſa- 
ted by a contrary Error when the Moon is at E: 
* the diſturbing Force is expreſs d by 


It 


"2. 
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It is to be obſerv'd, when only the Part E F of 1300 
the Line E S is conſider'd, that it is to be look'd 
upon as parallel to the Line LI, becauſe of the 
ſmall Angle which theſe Lines make; from the 
Point N draw NQ perpendicular to the Line 1301 
FT, continu'd if need be, in which the Moon 
gravitates towards the Earth, and let the rectan- 
gular Parallelogram E PN Q be drawn; let us 
conceive the Force along FN reſolv'd into two 
others, acting in the Directions FQ and F P, and 
repreſented by theſe Lines“; by the Force along © 192 
FQ the Force of Gravity is diminiſh'd in the 
Caſe repreſented by this Figure, but it is increa- 
ſed when the Point Q falls between F and T; 
but by the Force along FP the Moon in its Orbit 
is drawn towards the next Syzygy L, and the 
Motion of the Moon 1s accelerated or retarded, 
| according as this Force conſpires with, or acts 
contrary to the Moon's Motion. 

Near a Syzygy the Gravity of the Moon is di- 

miniſh'd, and the Line FO, which follows the 
Proportion of this Diminution, grows leſs, rece- 

| ding from the Syzygy, till it vaniſhes at the di- 

| ſtance of about 54 Deg. 44 Min. from it; at a 

greater diſtance of the Moon from the Syzygy 

Q falls in between F and T, and the Gravity of 
the Moon towards the Earth is increav'd by the 

| Sun's Action; the Force along FP vaniſhes in 

the Syzygy L; receding from it, it increaſes quite 
do the t, which is the middle Point between 
the Syzygy and the Quadrature ; and then it di- 
miniſhes again, till it vaniſhes quite at B. 

Between B and /, or / and A, the diſturbing 1302 
Motions are determin*d-in the fame manner as in 
ALB, the oppoſite inferior Part of che Orbit; 
at E and F the Diminution of Gravity is equal, 
and in that Pofition it is drawn in the Orbit with 

© bt 1 | * ng «© 
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an equal Force towards the Syzygy /, with that 
. at F it is impell'd towards the Syzy- 


1303 —_— it follows, that in the Motion of the Moon 
from the Syzygy to the Quadrature, between L and 
B, as alſo between / and A, tbe Gravity of the Moon 
towards the Earib is continually increas'd, and the 
1304 Mcon is continually retarded in its Motion; but in 
the Motion from the Quadrature to the Syzygy, be- 
tween B and J, as alſo between A and L, every 
Moment the Moon's Gravity is diminiſfd, and its 
Motion in its Orbit is accelerated. 

You may determine the Forces upon which 
theſe Effects depend, by comparing them with the 
known Force whereby Gravity is increas'd in the 

*:291 Quadratures*, and which is repreſented by the 
Moon's diſtance from the Center of the Earth. 

1305 The Lines MI, H FE, S T, are equal by Con- 

ſtruction; therefore when the Points I and N are 

confounded,, MN is equal to ST, and MS is 

equal to NT; the Lines MF and ST repreſent 

the Forces whereby the Moon at F and the Earth 

at T are carried towards the Sun 8, therefore 

they are as the Square of the Line T S to the 

*,208 Square of the Line FS“; wherefore as F G is 

the difference of thoſe Lines, FM and TS differ 

*:293 from one another double the Line G F“, and ad- 

ding GF to the Line F M, the difference be- 

tween G M and T'S, that is, MS will be triple 

the Line FG; and therefore this is alſo the 

Quantity of the Line N T ; now as FE is double 

300 FG, therefore N T will be to FE as Three 
to Two. _ | W 

Let F T be continu'd, if need be, and from 

E draw E V perpendicular to it, the Triangles 

E VF and N QT, which are rectangular, will 

be ſimilar, - by reaſon of the alternate Angles 


1% VF E and QA N“; therefore N I is to FE, 


that 


1 
tl 
I 
| 
b 
( 
| 
[ 
| 
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that is, 3 is to 2 as N Q, equal to F P, is to 
EV, which therefore is proportional to 2 third 
Parts of the Force which is expreſs'd by FP; 
but E V is the Sine of the Angle ET V at the 
Center, which is double the Angle EFV at the 
Circumference, equal to the Angle F T L, which 
is the diſtance of the Moon from the Syzygy 3 
therefore as the Radius I A or TE is to a Sine 
and an half of double the diſtance of the Moon from 
the Syzygy, namely, F P, ſo the Addition of Gravily 
in the Quadratures (which is expreſs'd by the Ra- 
dius T A) is zo the Force which accelerates or retards 
the Moon in its Orbit. | 

The Computation of this Diminution of Gra- 
vity,, and of its Increaſe at a leſs diſtance from 
the Quadratures, is deduc'd from the ſame Prin- 
ciples, 

This Diminution is repreſented by the Line 
FQ, which is equal to QT, minus the Radius; 
but from the Conſideration of the Triangles a- 
bove-mention'd, VF taken once and an half is 
equal to QT; therefore VT and an half, with 
half the Radius added to it, expreſſes the requir*d 
Diminution of Gravity; and the Radius is to the 
Sum or Difference of once and a balf the Co-ſine of 
double the diftance of the Moon from the Syzygy and 
half the Radius; as the Addition of Gravity in the 
Quadratures, to the Diminution or Increaſe of Gravi- 
ty in that Situation of the Moon, concerning which the 
Computation. is made. 4 

We make uſe of the difference of the Co- ſine 
from half the Radius, when the Angle, whoſe the 
Co- ſine is, is greater than a right Angle, becauſe 
in that Caſe we make uſe of the Co- ſine of the 
Complement of the Angle to two right Angles; 
when in this ſame Caſe. the Co-ſine and a half, 


251 
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1307 


which we make uſe of, is greater than half the 
my mmm 
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Radius, the Quantity found is to be added; that 


is, increaſes the Gravity, which obtains every 
where between the Quadrature, and 35 Deg. 16 
Min. from it. 


1308 T beſe Forces, whatever is the Figure of the Moors 


Orbit, are exactly determin'd ; for they are com- 
pared with the Addition of Gravity in the Qua- 
dratures, ſuppoſing the Moon in the * 
to be at the ſame diſtance from the Earth, at 
which it really is in the Place which is conſider'd; 


1291 but this Addition is diſcover'd in Caſe “. 


Thoꝰ it be foreign to the Purpoſe of this Work 
to give a Computation of the Moon's Motion, 
I thought it neceſſary to explain in a few Words 
what is the Method whereby to diſcover the For- 
ces that govern the Moon; becauſe the more 
exactly we know the Forces, the more eaſily we 
ſhall conceive their general Effect. 

Now to examine the Moon's Motion, we muſt 
ſingly conſider its ſeveral Irregularities ; which 
to do without Confuſion, we muſt remove ſeveral 
Irregularities, and conceive the Moon as movi 
in a Circle about the Earth, in which Curve it 1s 

lain that it can be retain'd by Gravity“; this 
otion is difturb'd by the Action of the Sun, 


1309 aud the Orbit is more convex in the Quadratures than 


in the Syzygies. The Convexity of a Curve, which 
a Body deſcribes by a central Force, 'is fo much 
the greater,as the central Force does more ftrong- 
ly every Moment turn the Body out of the way; 
it is alſo the greater the more ſlowly the Body 
moves, dee the central Force acting the long- 
er, has a greater Effect in inflecting the way of 
the Body. From contrary Cauſes the Convexity 
of the Curve is diminiſh'd ; both concur in mcrea- 
ſing the Convexity of the Orbit in the Quadra- 


*: 304 tures “, and diminiſhing it in the Syzygies*. 


From 


NEST oo 


's 
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F T, there is alſo another, whoſe D 
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From this it follows, that the circular Figure 1310 
of the Moon's Orbit is chang'd into an Oval, 
whoſe greater Axis goes thro' the Quadratures, 
ſo that the more convex Parts are in the Quadra- 
tures 3 wherefore the Moon is les diſtant from the 
Earth at the Syxygies, and more at the Quadratures x 
and it is no Wonder that the Moon comes to- 
wards the Earth when its Gravity is diminiſh*d, 
becauſe the Acceſs is not the immediate Effect of 
this Diminution, but of the Inflexion of the Orbit 
towards the Quadratures. 

The Motion of the Moon, taking away the 
Action of the Sun, is not in a Circle, but in an 
Ellipſe, ane of whoſe Foci coincides with the 
Center of the Earth* ; for the Orbit of the Moon * g6; 
is eccentric, and it is retain'd in it by the Force 24: 
of Gravity. 1250 

Therefore what has been demonſtrated cannot 
be exactly applied to the Moon's Motion; for as 
the Forces, which generate the Deviations ex- 
ain'd,. do really act upon the Moon, the El- 
ipſe, which the Moon would deſcribe if the Sun 
was taken away, is chang'd, and ceteris paribus, 1311 
the Propoſitions of Ne 1309, 1310, may be applied 


. to the Moon's Motion. 


In the Quadratures and SyZzYges the diſturbing 1312 
Force acts in the ſame Line as the Force of Gra- 
vity towards the Earth“; therefore the Force 1286 


which continually acts upon the Moon, and re- 1292 


tains it in its Orbit, is directed towards the Cen- 91 
ter of the Earth; and the Moon deſeribes Area's, 
by Lines drawn to the Center of the Earth, propor- 
tianal to the Times | N 

Plate XXV. Fig. 1. ] In other Points of the Orbit, 313 
as F, befides the Force which acts in the Line 
irection is 

Per pen 
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*,301 perpendicular to F T'*, which is here repreſented 
by FP; the Direction of the Force compound- 
ed of both, is directed ſometimes ſidewiſe to the 
Line FT, and does not tend to the Center of 
the Earth z wherefore tbe Area's, by Lines drawn 
to the Center of the Earth, are not ex Proportio- 
® 226 nal to the Times*. In the Octants F P is the great- 
eſt of all; and the Force, which is repreſented 
by that Line, is to the Gravity of the Moon to- 
wards the Earth, in that Point, in the mean * 
*,306 ſtances of the Sug and Moon, as 1 to 119,49“; 
1307 wherefore the Direction of the Force, compound- 
ed of the Actions of the Sun and Earth upon the 
Moon, makes an Angle of above half 'a Degree 

with the Line FT. 

The Motion of the Moon is ſubjeR to ſeveral 
other Irregularities, ſo that it deſcribes a Curve 

_ wholly irregular ; which Aſtronomers, in order 
to ſubject it to the moſt exact Compurations that 
can be made, do reduce to an Ellipſe, ' which they 

1 3 14 conceive to be agitated by various Motions, and alſo to 
be changeable, leſt ibe Moon ſhould go out of it. 

In reſpe& to central Forces, we have obſerv'd; 
that a Body does not deſcribe an Ellipſe, if the 
central Force, by which it is retain*d in its Orbit, 

- decreaſes in any other Ratio than the inverſe Ra- 

tio of the Square of the diſtance, but that the 
Curve may be often reduc'd to a moveable El- 
43 lipſe®*; concerning which it is to be obſerv'd; | 
1315 that the Ellipſe in that Motion turns about one of its 

6 Foci, and the Motion of the Ellipſe is directed the ſame 
8 8 © way as the Motion of the Body in it, when the central 
© Force decreaſes faſter than in the inverſe Ratio of the 
Square of the diſtance ; but if the central Force de- 
creaſes flower as you recede from _ Center, the El- 
lipſe is carried the contrary way ; | 


may 3 — #3 
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Hence it follows, the Orbit of the Moon can- 
not be referr'd to an elliptic Orbit, unleſs you 
ſuppoſe it agitated by four Motions every Revo- 
lution ; that is, unleſs the Line of the Ap/ides, 
which goes thro* the Center of the Earth, goes 
forwards twice, and backwards twice. | 
The Apfides of the Moon go forward when the 1317 
Moon is in the Syzygies*, or rather whillt the Moon 1315 
moves between the Points, which are 54 Deg. 1298 
44 Min. diſtant from them“. In the Quadratures, *; 467 
and between the Points, diſtant from them 35 
Deg. 16 Min. the Apſides go backwards, that is, 1318 
move in antecedentia *. + | 1316 
The Forces, upon which the Progreſs and Re- 1392 
greſs of the Apſides depend, are the Forces which 7 
diſturb the Motion of the Moon, which have been 1319 
before explain'd ; therefore ſince the diſturbing 
Force in the Syzygies is double the diſturbing 
Force in the 9 yu even; the Progreſs, conſi- 1296 
dering one entire Revolution of the Moon, exceeds the © 
Regyeſs,, ceteris paribus. - 
In a Circle whoſe Center is in the Center of the 
Forces, the Diminution of the Force in receding 
from the Center produces no Effect, becauſe in 
ſuch a Line the Body does not recede from the 
Center; therefore the Effect of this Diminution 
is ſo much the greater, as the Curve deſcrib'd by 
the Body differs more from ſuch a Circle, 
In an elliptic Orbit, one of whoſe Eoci coin- 1320 
cides with the Center of the Forces, the Curvarure 
in the Apſides differs moſt of all from ſuch a Cir- 
cle, and the Effect of the Diminution of the Force, in 
receding frum the Center of the Forces, is the greateſt 
of all; if this Orbit is but a little eccentric at the 1321 
Ends of the leſſer Axis, the Ellipſe differs very little 
from the Circle-above-mention'd, and tbe Effect 
of the Diminution is the leaſt of all. = 
LY mil ach af. Dua vicar ig e 
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1322 The Progreſs and Rr of the Apjides depend 
upon the rtion according to which the 
Force of Gravity decreaſes receding from A 
1315 Center of the Earth“, x Fe way the Effet of 
1316 the Diminution of the central Force. 
1323 Plate XXV. NR. 2.] This Motion of the Ap- 
Ades, which we have explain'd, undergoes ſeveral 
Changes; tbe Apſides 29 forward faſteſt of all in a 
Revolution of the Moon, ſuppoſing the Line of the Ap- 
1% fades in the Quadratures* ; and in that very Caſ⸗ 
— * they go back the loweſt of all in the ſam Revelatines; 
©1219 becauſe, by reaſon of the ſame Eccentricity of the 
1321 Moon, the Quadratures are but very little di- 
1322 ſtant from the Ends of the lefler Axis of the Orbit. 
1324 Suppofing the Line of the Apſides to be in the Qua- 
©; 31 7 eff alin Apſides are * . in porn .. 
1322 leg in the Syzygies*, but they return 1 
1318 of in the Nuadraturess; and in this Caſe, in one 
21322 1 of the Moon, the Regreſs exceeds the 
1320 
1325 "Whilt the Earth is carried along in its Orbit, 
the Line of the Apfides does ſucceſſively: go thro' 
ns — wherefore, 
a great Revolutions 'F the Moon 
71319 al together, the Ao go forwards ® ; and it is 
from - Obſervations, that in the Space of 
about $ Years the Line of the Apfules performs 
one entire Revolution. 

Me have alſo faid that che Fccearieity of the 
| 6 0%, i oc on of Body i increaſed, if the 
132 4 is cen- 
: tral hf _ prey ment being coatinu'd, de- 
before, whilſt A fs Rody is car- 
per? A 1 for 
then it is every Moment leſs „ than if 
| the Force did not decreaſe s and therefore it re 
cedes the more. The Eccentricity of che Orbit 
s alſo thereby increas d, in the ſame . 
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the Motion from the upper to the lower Apſis, 
becauſe in this Caſe coming towards the Center, 
the Force increaſes ſo much the faſter as the Body 
deſcends more towards the Center; ſo that in each 
Caſe the difference between the greateſt and leaſt 
diſtance from the Center of the Forces may be- 
come greater, and the Eccentricity be thereby in- 


creas d. By the ſame Reaſoning it appears that the 1327 


Eccentricity is dimimi/h*d when the central Force is 
increas'd in the motion of the Body from the low- 

er to the upper Aplis, and likewiſe when that 
Force is diminiſh'd in the motion from the upper 
Apſis to the lower; that is, when it decreaſes more 
ſowly than before in the receding from the Center, 

Applying this to the Moon's motion, it ap- 1328 

pears, that the Eccentricity of the Orbit, every Re- 


volution, undergoes various Changes; that it is the 1329 


greateſt of all when the Line of the Agſides is in the. 
Syzygres, becauſe the Forces in the Apſides, being 
compared, do decreaſe faſter than in an inverſe 

Ratio of the Square of the diſtance“, whence this 1298 
Addition follows“, which prevails in this Poſi- 1326 
tion“; but {he Orbit is the leaſt Eccentric of all 1320 
when the Line of the Apſides 1s in the Quadratures, 

the Diminution of the Eccentricity prevalling*.  *; 290 

We have ſaid that the Moon moves in a Plane 2327 
inclin'd to the Plane of the Ecliptic; that the 32 
Line of the Nodes is carried round in anteceden- 
lia; and that the Inclination of the Orbit is not“ 970 
conſtantꝰ; theſe Effects are alſo deduc'd from the * 969 
Action of the Sun upon the Moon, 

By reaſon of the ſmall Inclination of the Moon's 
Orbit, the Forces which we have hitherto con- 
idered acting in the Plane of the Ecliptic, not 
regarding the Inclination of the Orbit, may (with-; 
out any ſenſible Error) be referr'd to the Plane of 
the Orbit, and the Moon in it is ſubject to the 

Vor, II. Ne Motions 
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1330 Motions before explain'd z but there is a Force 
which removes the Moon from the Plane of the Or. 
1314 Bi, ſo that we muſt conceive that Plane to be 
agitated, otherwiſe the Moon would go out of 

the Orbit. | | 


1331 . Plate XXV. Fig. 1. ] Let the Moon be at P; 


— has been ſaid above concern 


*:299 ing the Actions of the Sun®, it is plain that the 
Plane of the Parallelogram FH MI goes thro 
the Line TS, which joins the Centers of the 
Farth and Sun, and therefore it is in the Plane 
of the Ecliptic; ſo that the Point N, to which is 
directed the Force FN, diſturbing on account 
of the Action of the Sun, is in that Plane. 


1332 Plate XXV. Fig. 4.] Let the ſame Force be 
repreſented by Fl; at F let F R be rais'd perpen- 
dicular to the Plane of the Orbit, and imagine 
the Parallelogram FR1I:, whoſe Side Fi is in 
the Plane of the Orbit, and whoſe Diagonal is 
FI, the diſturbing Force along FI is reſolv'd in- 

„ia to two in the Directions F R and Fi, which theſe 

19: Lines repreſentꝰ, and of which this laſt acts in the 
Plane of the Orbit; ſo that we muſt refer to this 
what relates to the diſturbing Force, of which we 
have treated in N 1299; for the Lines Fi and 
FI ſcarce differ, and the Plane of the Parallelo- 
gore ed — is perpendicular to the Plane of the 

% 

1333 The Line FR Mut be denemin's, which re- 

ts the force that acts perpendicular to the 

— che Orbit, and removes the Moon from 

whey it Plane now the relation of the Line FR or 

Ii to the Radius E T, is the Ratio of the diſtur- 

bing force which is ſpoken of here, to the Increaſe 

1286 Of Gravity in the Quadratures*®. a 
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In the Caſe of this Figure, in which the Line 1334 
of Nodes N z is in the Quadratures, we find out 
FR; becauſe IT (which is NT of Fg. 1.) is 
given“, and becauſe I T is to Ii or to FR as the *1325 
Radius to the Sine of the Inclination of the Orbit. 

But in every Caſe the Force muſt be determin'd 1335 
which drives the Moon out of the Plane; let us 
therefore ſuppoſe the Line of Nodes carried to 
the Situation Mn, whereby, every thing elſe re- 
maining as before, Ii is chang'd ; to M conti- 
nu'd, if need be, let i X and IX be drawn per- 

icular, which make an Angle equal to the 
clination of the Plane of the Orbit. 

The Ratio between E T and Ii, that is, the 1336 
Ratio between the Addition of Gravity in the Quadra- 
tures, and the Force, which we ſeek, which removes 
the Moon out of its Orbit, is compounded of the 
Ratios of the Line ET to TI, of the Line TI to 

IX, and laſtly, of the Line IX to Ii; the firſt 
s che Ratio between the Radius and 3 times the 
Sie of the diſtance of the Moon from the Qua- 
cdrature “; the ſecond is the Ratio of the Radius *1305 
to the Sine of the Angle I T X, that is, of the 
distance of the Node from the Syzygy; laſtly, 
de third is the Ratio of the Radius to the Sine of 
the Inclination of the Orbit; and the Ratio com- 
pounded of theſe, is the Ratio of the Cube of the 
Radius to 3 times the Product of the Sines of the di- 
ſtances of the Moon from the Quadrature, and of the 
Node from the Syzygy, as alſo of the Inclination of the 
Plane. To this Force is alſo to be referr'd 
e Ne 308. 
| This Force vaniſhes in the Quadratures, becauſe 1337 
che Point I coincides with the Point T, which is 
me Center of the Earth, and the Line Ii vaniſhes 
e the Lines FI and Fi concurring in the Plane of 
the Orbit, which alſo follows from the. Computa- 
| WF tion — the Sine of the — 1136 
2 of . 
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of the Moon from the * vaniſhing, and 
ſequently the whole Product which is multi- 
plied by that Sine. 

1338 That ſame Product vaniſhes alſo, and with it 
the Force which it repreſents, when the Sine of the 

diſtance of the Node from the Syzygy vaniſhes, 
that is, ſuppoſing the Line of the Nodes in the Syzy- 
es. It is alſo deduc'd from this, that the Line of 
odes N (Plate XXV. Fi. 5.) continu'd, goes 
thro? the Sun; wherefore the Sun is in the Plane 
of the Orbit itſelf, and therefore cannot draw the 

| Moon but in that Plane. 

1339 The Force alſo, which we examine, is increaſed a; 
the Moon advances towards the Syzygy, and as the 

1336 Node recedes from it“. 

1340 Plate XXV. Fig. 6.] Let Pp be the Plane of 
the Ecliptic, P A the Orbit of the Moon ; when 
the Moon is come to A, that is, is receded a little 
from the Node, it is remov*d out of the Plane of 
the Orhit, and in the ſecond Moment it is not car- 

ried along AB (the Continuation of the Orbit 
PA) but along Ab, becauſe it comes towards 
the Plane of the Ecliptic along B b, therefore it 
is moved as if it came from a more diſtant Node 

1341 p; whence it appears that tbe Nodes go backward 
whilſt the Moon moves in its Orbit, as long as it re- 
cedes from the Node; the Nodes alſo go back 
whilſt the Moon is going to the oppoſite Node, 
becauſe as the Moon is continually driven out of 

its Orbit towards the Plane of the Ecliptic, it is 

continually directed to a Point leſs diftans, and 

comes ſooner to the Node, than if, not being agi- 

_ © rated by ſuch a Motion, it had continu'd in mo- 
tion with the ſame Celerity. 

1342 Conſidering one entire Revolution of the Moon, c#- 

" teris paribus, be Nodes move in antecedentia, fiſt: 

1339 eff of all when the Moon is in the Syzygies*, tht 

© ſlower and ſlower, till they are at reſt, when the Mom 

*1337 is in the Quadratures*, Whill 
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Whilſt the Earth is carried round the Sun (even 
when we do not attend to the above-mention'd 
Motion of the Nodes) tbe Line of Nodes does ſuc- 
ceſſively acquire all poſſible Sicuations in reſpect 
of the Sun, and every Tear goes twice thro* the Sy- 
2ygies, and twice thro the Quadratures. 

If now we conſider ſeveral Revolutions of the Moon, 
the Nodes in one whole Revolution go back very faſt, 
the Nodes being in the Quadratures * ; then ſlower, 
till they come to reſt, when the Line of Nodes is in tbe 


26x 


„ 


1343 


1344 


1339 


Syzygites ® 21338 


By the ſame Force with which the Nodes are 
mov'd, the Inclination of the Orbit is alſo chang'd ; 
it is increaſed as the Moon recedes from the Node, and 
diminiſh*d as it comes to the Node. 

Plate XXV. Fig; 6.] For the Angle bp L is leſs 
than the Angle APL, and for the ſame Cauſe it 
is continually diminiſh'd, and the Inclination be- 
comes greater; but when the Moon is come to 
the greateſt diſtance from the Plane of the Eclip- 
tic, and is going towards the oppoſite Node, the 


1345 


1346 


Direction of the Moon is continually inflected to. 


wards the Plane of the Ecliptic, and leſs inclin'd 
to it than if it continu'd in motion in its Orbit; 
let Nn be the Plane of the Ecliptic, the Curve 
Na the Orbit of the Moon, by the force whereby 
the Moon is continually remov'd out of it, the 


Way of the Moon is chang'd, and it goes in the 


Curve N p, which is more inclin'd to Nn at N 
than at pz ſo that we muſt conceive the Inclina- 
tion of the Plane of the Orbit to be twice chan; 
ged ® whilſt the Moon moves from one Node to 
the other, therefore this happens four times; in 
each Revolution of the Moon it is twice diminiſd d, 
and twice again increaſed. Ho "= 
Plate XXV. Fig, 4-] Suppoſing the Nodes N. 
to be in the atures, the Forces which ix 


© I Ne 


1314 
1347 
1348 


- 


Revolution increaſe the are TY 
| ; 3 are 


262 
are equal to one another, for by reaſon of the 
equal diſtance of each Node from the Syzygies, 
the Forces that change the Inclination at ND 
and #E are equal to the Forces in the correſpon- 

1336 dent Points in the Arcs Dn and EN“; by the 
former the Inclination is increaſed, by the — 

1345 it is diminiſh*d®; the Diminution of the Angle 
of Inclination, on account of the firſt, is reſtor'd 
by the Action of the ſecond; and here it is nt 

©1343 chang'd. In the Motion above-mention'd “ of the 

LC Line of Nodes in reſpect to the Sun, which de- 
pends upon the parallel Situation of this Line, the 
Node N is carried to the Syzygy E. When (for 
Ex.) the Line of Nodes is come to the Situation 
Mm, the Moon in its Receſs from the Nodes 
goes thro' the Quadratures Nn, in which the 

1337 Force which changes the Inclination vaniſhes“, 

*1336 and near which 1t is the leaſt of all* ; but in co- 
ming towards the Nodes, the Moon * every where 
diſtant from the Quadratures, and a greater force 

1336 acts upon it“; therefore confidering one entire Re. 

1349 volution, the ene of the Angle of Inclination 

*:345 Exceeds its Diminution ® 3 that is, that Angle is 
mcreafed, or which is the ſame, the Inclination is 
diminiſt'd ; which obtains every where in the Mo- 
lion of the Nodes from the N to the Sey 


1350 b. the Nodes are come to the Syzygies, the K. 
1351 Clination of the Plane of the Orbit is the leaſt of all; 
for in the Motion of the Nodes from the Syzygies to the 
zdratures, the Plane of the Orbit is continually 
ore and mote inclin'd'; for in chat Caſe,” as the 
con goes to the Node, it paſſes thro? the Qua- 
\ | dratures; in its Receſs from them the Moon is 
2 9 in from the Quadratures, and in one who! 
+. Revolution of the Moon, the Force which increaſes 
*1337 * Inclination®; excreds that which diminiſhes 
"1345 fte | "therefors #be Inclinstion is increaſed * 
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the greateſt of all when the Nodes are in the Quadra» 
tures, Where the Diminution of the Angle made 
by the Plane of the Orbit with the Plane of the 
Ecliptic is terminated “. 21349 
All the Errors in the Moon's Motion, that we have 1353 
explain'd, are ſomething greater in the Conjunttion 
than in the Oppoſition®. BNR 6 ah 290g 
All the diſturbing Forces are determin'd by diſco» 1354 
vering their relation with the Addition of Gravi 


in the Quadraturesꝰ, for which reaſon they all 
undergo 


ſame Changes as that Addition does, 


of the Sun from 
the ſame, they 
the Earth*. Conſidering all the diſturbing Forces to- *1288 
gether, the Diminution of Gravity prevails *, which 1355 
follows immediately from the Progreſs of the Ap- 2295 
fides z for it appears from thence, that conſider- 325 
ing ſeveral Revolutions together, the Effect of 
the Diminution of Gravity exceeds the Effect of . 
the Increaſe of it C. 1318 
Therefore tbe Motion = Moon being confided 1356 
in general, the Gravity of the Moon towards the Earth 
is diminiſd coming near the Sun* ; therefore when 1355 
it is leſs attracted by the Earth, it recedes more 35+ 
from it than it would recede if there was no ſuch 
Diminution of Gravity ; therefore in that Caſe 
the Moon's diſtance is increas'd, as alſo the perio- 1357 
dical Times; and that Time is tbe greateſt, as alſo 24 
the diſtance of the Moon (czteris paribus) the great- 
eſt when the Earth is in the Peribelion®, becauſe 1354 
then it is leaſt diſtant from the Sun. +29! 
Concerning the Figures of the Planet. 
I: we conſider the Figures of the Planets, we 


ſhall find that they have ſuch Figures which 
201 84 follow 
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follow from theſe, very Laws by which the Sy- 
ſtem is govern'd, which is very agreeable to that 
admirable Order which we obſerve every where, 
that no Forces act upon the Planets to deſtroy 

13 58 them ; that is, that be Figure of a Planet, whether 
it be a primary or ſecondary Planet, is ſuch as it would 


acquire if it wholly conſiſted of fluid Matter; which 
agrees with mena. 


13 59 Whence it follows that all !be primary and ſecon- 
dary Planets are ſpberical, for they conſiſt of a Mat- 
ter whoſe Particles gravitate towards one ano- 
*,206 ther“; from which mutual Attraction a ſpherical 
.1297 Figure is generated, in the ſame manner as a Drop 
becomes round from another ſort 3 Attraction 
4 of the Parts“. 
1360 This ſpherical Figure of the Planets 4 not chang'd 
| " from their motion round the Sun, or from the motion of 
the ſecondary Planets about their primary ones, be- 
cauuſe all the Particles are carried by the ſame mo- 
tion; but this Figure undergoes ſame Change by 
the motion round the — and ſo much — grea- 
ter as this motion is ſwifter. 
1361 Plate XXV. Eg. 7.] Let PP be the Axis ofa 
Planet, Ee the Diameter of the Equator, perpen- 
dilicular to the Axis ; let there be a Canal P CE 
fill'd with a Liquid; this Fluid will deſcend by 
its Gravity in both Legs towards C, and will not 
be at reſt till the Preſſure in both Legs be equal; 
.- + Ihe Planet beat reſt, the height of the Fluid in 
*,3;59 both Legs will be equal; bur if the Planet -be 
mod about — Pp, all the Liquid in the 
Leg CE will endeavour to recede from the Cen- 
21 tet. by. ĩts centriſugal Force“, which Force acts 
* 223 contrary to Gravity“, and therefore diminiſhes 
the Gravity; ſo that there is no Equilibrium till 
2 exceeds CP: Now if the Canal be taken 
, the lateral Preſſure of the Fluid, of which 
the Planet conſiſts, _ e the n 
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towards C, nor the difference between the heights 
of the Columns CE CP“; therefore the Planet * 280 
is every where higher in the Equator than in the 
Poles, and acquires, by its motion round its Axis, the 1362 
Figure of a Spheroid depreſs d in its Poles; for the 
Elevation is continually diminiſh'd as you go to- 
wards the Pole, becauſe the centrifugal Force is 
diminiſh*d by reaſon of the Diminution of the di- 
ſtance from the Axis“. 2232 
If what has been demonſtrated be compar'd 
with the Phenomena, it will appear why all the 
Bodies in our Syſtem are ſpherical* ; but that this ® 924 
Figure is not exact, but a little chang'd by their 
motion round their Axis“, tho' this cannot be 1362 
obſerv'd in moſt of them, may be deduc'd from 
Obſervations made upon Jupiter and the Earth. 
Aſtronomers bave obſerv d that the Axis of Jupiter is 1363 
ſhorter than its equatorial Diameter; altho' this 
Planet be the greateſt of all the Planets, it is mo- 


ved the ſwifteſt about its Axisꝰ, and therefore this 962 


difference may be obſerv'd. 

The Elevation of the Earth at the Equator is de- 1364 
termin d by us, altho' perhaps to the Inhabitants 
of the other Planets, if there are any, it may not 
be more ſenſible than the Elevations on Mars and 
Venus are to us, which are ſo ſmall that we can- 
not perceive them. T 

Suppoſe the Earth to be fluid, it will acquire 1365 
the aforeſaid ſpheroidical Figure“; if the Parts 36: 
cohere towards the Center, the Poſition of the 
other Parts will not be chang'd thereby, nor will 
it be chang'd if in ſome Places the Parts cohere 
together quite to the Surface; ſo that the Surface 
of the Sea muſt neceſſarily acquire a ſpheroidical 
Figure depreſs d at the Poles. But ſince the 
Shores are every where but a little elevated above 
the Surface of the Sea, it is certain that the Con- 
tinent acquires the ſame Figure. 1997's Now 
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232 for theſe Lines are very 


. 192 directed along A à and a bh, the Gravity 
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No to meaſure this Elevation, that is, how 
much the Diameter of the Equator of the Earth 
is longer than the Axis, we muſt conſider its mo- 
tion round its Axis in the Space of 23 Hours, 
ppoſing the Earth homo- 
neous, the Computation will be made in the 
lowing manner. | | 
he Periphery of the Earth is 128,202,18; 
Rhynland Feet, therefore in one Second of Time a 
Point of the Equator goes thro* 1488 Feet; the 
verſed Sine of which Arc is 0,054, a Space which 
could be gone thro? by a Body in fuch a Time by 
the centrifugal Force. 

By Gravity a Body in one Second, as we have 
ſhewn before, falls thro* 15,607 Rhbynland Feet; 
but rheſe — — were made at the diſtance 
of 48 Deg. the Equator Ee (Plate XXV. 
Fig. 7.) at the Point A; the centri Force at 
E is to the centrifugal Force at A as CE to CA, 
little different at AB*; 
let this centrifugal Force be A ö, having drawn 
the P ba to CA continu'd, let the 
Force thro? A be reſolv'd into two other _— 

16 dj 
miniſh'd only by the former, and Ab is to the 
Force diminiſhing it as C A to AB, by reaſon 
of the ſimilar ar Triangles Aba and 
ABC, which have their oppoſite vertical Angles 
equal at A; therefore the centrifugal Force at 

the Equator, with which a Body in one Second 
goes thro" 0,054, is to the Force which dimi- 
niſhes the Gravity at A, in a duplicate Propor- 
tion of the Radius A C to A B, which is the Co- 
fine of the Latitude A E of 48 Degrees; ſo that 
from this diminiſhing Force the Body in one Se- 
cond goes thro* 0,0243 3 wherefore if the Earth 
Vas at reſt, in falling it would not go through 
15,607 Feet, but 13,6323 with which pred 
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a Body falls under the Poles, becauſe theſe Points 
are not mov d ; at the Equator, by the centrifu- 
gal Force, a Body goes thro? 0,054, and falls as 
much in the ſame Time from the Height of 
15,578 Feet; whence it appears that the Gravi- 

under the Poles is to the Gravity under the 

uator as 289 to 288, 

f Fig. 7. repreſents the Figure of the Earth, 
the Weight of a Column of Liquid CE will be 
to the Weight of a Column of Liquid CA, the 
Earth being at reſt, as 289 to 288 ; for otherwiſe, 
the Earth moving, there will not be an Equilibri- 
im, becauſe : of the Column CE is ſuſtain'd by 
the centrifugal Force; for the centrifugal Force 
decreaſes as you come towards the Center, in the 
Ratio of the diſtance ®, in which Ratio alſo the 232 
Gravity decreaſes* ; ſo that in all the Points of +, ,,, 
the Column the ſame Part of the Weight is ſu- 
ſtain'd as towards the Surface. 
 Whence we deduce, that tbe height CP at the 1367 
Pole is to the beight E C at the Equator as 229 10 
230; for ſup this Ratio between the Axis 
and the equatorial Diameter, if a Computation be 
made of the Gravities in the Places P and E, the 
Earth being at reſt, they are found to be to one 
another as 1121,71. to 1120, 1; which Ratio 
obtains every where in correſpondent Points, that 
zs, which are diſtant from the Center as CP to 

PE, becauſe in both Legs the Gravity decreaſes 

in proportion to the diſtance from the Center“; 1233 
you have the Weight by multiplying the | 
ity of Matter by the Gravity, for the Weight 
increaſes in a Ratio of both; by multiplying 
1121,71. by 229, and 1120, 71. by 230, the Pro- 

are to one another as 288 to 289, which is 
the Ratio of the Weights before diſeover'd ; the 
mean Diameter of the Karth is 3,400,669 Per- 3 
3 ches®, 
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® 976 ches®, therefore the Axis PP is 3,393,261, and 
the equatorial Diameter Ee is 3,408,078 Perches, 
| which exceeds the Axis by 14;817 Perches (viz.) 
1368 Je, and the Equator is more elevated by 7408, f. 
1369 In this Computation, as we have faid, we have 
look*d upon the Earth as homogeneous ; but if it 
be more denſe towards the Center, the Matter 
which is added to it may be look*d upon as a ſe- 
rate Body, from whoſe Center the Points P and 
are unequally diſtant, and towards which there- 
fore the Bodies P and E have a different Gravi- 
21226 - 48: and the difference is ſo much the greater as 
differences are greater; and it will be alſo 
ſo much the greater in reſpect of the whole Gra- 
vity, as the Quantity of Matter which is added, 
or which is the ſame, as the Denſity is greater to- 
\ wards the Center. 
It is plain that the Forces of Gravity at the 
ne ns differ from one another 
more compari ther Ex- 
im ——— — 
uator by the help of Pendulums, by which the 
Forces of Gravity may be compar'd „ as 
®* 16, we have ſhewn®, and which difference is truly 
165 nearly double that which is found by Computa- 
1370 tion; whence'it follows, that the Elevation of the 
Equator is nearly double that which wwe bave deter- 
*,363 min d to'be 95408,5 Perche c. 
Now if we conſider the ſpheroidical Figure of 
1371 the Earth, we ſhall ſee that heatyy Bodies do not tend 
directiy io the Rarib's Center, unleſs at the Poles 
and the Equator, but every tubere tularly 10 
the Surface of the Spheroiĩd; for a Liquid will not 
be at reſt unleſs its upper Surface forms a right 
* 272 Angle with the Direction of heavy Bodies“; and 
the Figure of a Spheroid is form'd by the Surface 
of a quieſcent Fluid. We alſo deduce this * 4 
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ction of heavy Bodies from the centrifugal Force. 1372 
(Plate XXV. Fig. 7.) the Body A by its Gravity 
tends towards C, and is carried by its centrifugal 
Force along Ab; this Force at the Point A is to 
the Gravity along AC as 1 to 430, 8. having for- 
med a Parallelogram with the Sides Ac and A 6, 
ſuppoſing theſe to one another as 430,8. to 1, the 
Diagonal will ſhew the Direction of heavy Bo- 
dies*, forming a ſmall Angle with the Line A C. 90 
The Force along A h increaſes as you go towards 
the Equator, whereby this Angle is increas'd, but 
is diminiſh*d by the Increaſe of the Angle CA; 
ſo that in the Equator, where the centrifugal 
Force is greateſt, the Direction of heavy Bodies 
coincides with E C; at the Pole it coincides with 
PC, becauſe there is no centrifugal Force there. 

In this ſpheroidical Figure tbe Latitude of the 1373 
Place is determin d by an Angle, as ACE, which is 
made with the Equator by s Line drawn from the 
Place of the Center : Dividing this whole Arc 
PAE by this 1 into go Parts, that is, — | 

rees, it will eaſily a „ that going towards 1 

my Poles the Degrees 4 red on the Surface; = 
but this difference is ſo very ſmall, that in mea- 
ſuring Degrees that are not very diſtant, it can- 
not be diſcover*'d ; becauſe the Error, ariſing 
from the Make and Uſe of the Inſtruments, ex- 
ceeds this difference; whence Degrees meaſur'd 
at the South and North of France, as alſo in Eng- 
land, differ lirtle from one another, and the mid- 
dle one is the leaſt of all; wherefore nothing can 1375 
be concluded concerning the Earth's Figure from theſe = 
Meaſures. * 


CHAP. 
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CHAP. XVII. 


| Ne plea! Are of the Motion of the 
Axis of the Earth. 


1341 that is, are mov*d in antecedentia®, and that 
*1347 the Inclination of its Orbit is liable to change®, 
we have already demonſtrated ; let us conceive 
ſeveral Moons S be at the ſame diſtance, revol- 
ving in equal Times about the Earth, in a Plane 
inclin'd tc to the Plane of the Ecliptic, it is plain 
they will all be agitated by the ſame Motions; 
let us conceive the Number of the Moons to be 
increas d, ſo as to touch one another, and form 
a Ring, whoſe Parts cohere ; whilſt one part of 
the Ring is attracted, to increaſe the Inclination, 
the other is agitated by a contrary motion, 
_ to diminiſh its Inclination® ; the greater Force 
1377 in this Caſe prevails, that is, in the motion of the 
Line of Nodes, from the Quadratures towards the 
Syzygies, the Tuclination of the Ring is diminiſh'd in 
41349 each of its Revolutions*, and it is the leaſt of all when 
1350 the Line of Nodes is in the Syzygies z on the contra- 
ry, its Inclination i -g 1 when the Line of Nodes 
is carried from the Syzygies towards the 4- 
21351 tures*, and it is the Fi 
1378 the Nodes is in e Ah Line of the Nodes is 
21352 conth in Cara, wnleſs when it is 


Pp at ret in the SH. 


379 Tf the Quantity of Matter in the Ring be dimi- 

niſſi d, its Motions 1 6 not be chang'd, becauſe they 
upon Gravity, which acts equally upon 
*1027 every Particle of Matter“. 1 


fie the Nodes of the Moon go back, 
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If the Diameter of the Ring be diminiſ#d, theſe 1380 
Motions are diminiſh'd in a Ratio of this Dimi- 
nution®, but none of them wholly vaniſh ;z and 1354 
it is agitated by the ſame Motions. 
Let us conceive the Earth to be ſpherical z and 1381 
in the Plane of the Equator, which makes an An- 
gle of 23 Deg. 29 Min. with the Plane of the 
Ecliptic, let there be a Ring, revolving in the 
ame Time as the Earth; let it be diminiſh'd fo 
as to touch the Earth, and cohere with it; by 
this the aforeſaid motion of the Ring will not be 
deſtroy'd :; for ſince the Earth is kept in a deter- 
minate Situation by no Force, it yields to the 
Impreſſions of the Ring, whoſe Agitations are 
yet diminiſh'd, the Matter to be mov*'d being in- 
creas'd, and the moving Power remaining the 


ſame. 
And this is truly the Caſez for the Figure of 


the Earth is ſpheri paſs'd with a Ring 


ical, encom 
at the Equator, whereby the Earth is more ele- 
vated towards the — — the Line of Nodes *, 370 
of which Ring is the Section of the Planes of the | 
Equator and Ecliptic z whence we deduce the 
following Concluſions. | 

In the Equinoxes the Inclination of the Equator 1382 
is leaft of all“, and therefore {be /nclination of the 1377 
Axis is the greateſt, for it makes a right Angle 
with the Plane of the Equator® ; the Inclination 1075 
of the Equator is increas'd, that is, ihe inclination 
of the Axis is diminiſÞd till the Sun comes to the Sol- 1383 
ſlices, where this Inclination of the Axis is leaſt of 
all, and that of the Equator the greateſt® ; there- #1377 
fore twice in a Near the Inclination of the Axis of the 
Earth is diminiſb'd, and twice increas'd ; and the 1384 
Seftion of the Plane of the Equator with the Plane of 1385 
the Ecliptic, which is at reſt in the Equinoxes, the 
reſt of the Time is moy'd in antecedentia“. 


*,378 
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1386 The Plane of the Equator is inclin'd to the 
Plane of the Moon's Orbit, for it makes a ſmall 
969 Angle with the Plane of the Ecliptic“, and there. 
fore the Moon aQs in the ſame manner upon the 
Ring as the Sun; and altho' the Moon be lels, yet 
becauſe it is much leſs diſtant than the Sun, it ex-. 
erts a greater Action upon the Ring; wherefore 
1387 alſo the Inclination of the Axis of the Earth to th: 
1384 Plane of the Moon's Orbit“ (and conſequently to 
the Plane of tbe Ecliptic) is twice chang'd in every 
Revolution, and twice reſtor d by the Action of the 
Moon; and the Seftion of the Plane of the Equator 
385 with the Plane of the Moon's Orbit * is carried in 
antecedentia ; from which Motion neceſſarily fol- 
lows, that the Seftion of the Plane of the Equator 
with the Plane of the Ecliptic changes its Place. 

1388 The Changes of the Inclination of 


| the Axis are too 

ſmall to be obſerv'd, but the change of Place of the 
1389 Line of the Equinoxes, and the motion of the Axis 
which follows-from it, being always carried the 
ſame way, at laſt become ſenſible ; and from theſe 
— follow the before explain'd®. 


— — — — 


CHAP. XIX. 
Concerning the Tides. 


HAT we may explain the Tides from the 
Principles already laid down, we muſt con- 

r, that the Earth, as alſo all Bodies near it, 

en gravitate towards the Moon * ; therefore the 
articles of Water in the Earth's Surface which 

tend towards the Center of the Earth (for here 

we the Conſideration of Ne 1371.) are 

ied with it towards the Moon. Since alſo 
the ſolid Maſs of the Earth is carried towards 
the Moon, according to the Laws, _——_ 
dam, 
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obtain, if all the Matter of which it conſiſts was 
collected in its Center*, what has been demonſtra- 1126 
ted in Chap. 16. of the Aftion of the Sun upon the 
Moon falling towards the Earth, whilft with the 1390 
Earth it goes towards the Sun, may be applied 10 
the Aion of the Moon upon the Particles of Water in 
the Earth's Surface, which do not cohere with the 
Maſs of the Earth, but tend towards its Center, 
and continually with 'its Maſs fall rowards the 
Moon; by which Force, as we have ſhewn®, the *:280 
Earth is kept in its Orbit, about the common 
Center of Gravity of the Earth and the Moon. | 
Plate XXV. Fig. 1.) Let S be the Moon, 1391 
ALBL1 the Surface of the Earth, whoſe Maſs 
tends towards the Moon, as if it was all collected 
at T; by the Action of the Moon, the Particles 
of Water A and B acquire a greater Gravity to- 
wards T“; on the contrary, the Particles at L 1287 
loſe of their Gravity * 3 whence we deduce, that 1296 
if the whole Earth was cover'd with Water there 
would not be an Equilibrium, unleſs this Water 
was more elevated in the Points L and J, than in 
a whole Circle go Degrees diſtant from rheſe 
Points, and therefore paſſing thro? the Points A 
and B; therefore by the Action of the Moon the Wa- 1392 
ter acquires a ſpbervidical Figure, formed by the Re- 
volution of an Oval about its greater Axis, which be- 
ing continu*d, goes tbr the Moon. 
Let us ſuppoſe the Moon in the Equator, all 
the Sections of the Earth, which are parallel to 
the Equator, as they are alſo parallel to the Axis 
of the Spheroid®, are oval, whoſe greater Axes 1392 
ſs thro' the Meridian of the Moon; whence it 
llows, that the Earth being at reſt in any Circle 1393 
of Latitude, the Water is more elevated in the Mes © 
ridian in which the Moon is, and in the oppoſite Me- 
ridian, than in the intermediate Places. ode: 
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DzEFIiNI1iTION. 


1394 The lunar Day © ibe Time ſpent between the 
Moon's going from the Meridian and coming ta it 
again; this Day is divided into 24 lunar Hours, 
it is 50 Minutes longer than the natural Day. 

From the Motion of the Earth round its Axis 
every lunar Day, every Place paſſes thro? the 
Meridian of the Moon and the oppoſite Meridi- 
an, that is, twice paſſes thro' that Place where 

1395 the Water is raiſed by the Action of the Moon, and 
twice thro? that Place where the Water is diſper- 
1393 ſed by the ſame Action“; and ſo in a lunar Day 
the Sea is twice elevated and twice depreſſed in any 
aſſign'd Place. 
1396 By the Motion of the Earth round its Axis, 


the elevated Water continually recedes from the 


Meridian of the Moon ; yet by the Action of the 
Moon the Axis of the Spheroid paſſes thro? the 
1392 Moon“; therefore the Water is continually agi- 
tated, that the Elevation, which (on account of 

the Motion of the Earth) is remov'd, may be 
brought under the Moon; therefore the Water 
continually flows from A and B (Plate XXV. 

Fig. 1.) towards L and I, whilſt by the Motion 

of the Earth the Elevation is carried from L to- 
wards B, and from I towards A; that is, between 
Land B, as alſo between / and A, there are two 
contrary Motions, by waich the Water is accu- 
mulated ;..ſo that the greateſt Elevations are be- 
teen theſe Points (viz.) not directly under the 
Moon, but on one fide of that Point, and like- 
wiſe aſide of the oppoſite Point; that is, in any 
1397 Place the Water elevated two or three Hours 
after the Moon bas paſſed the Meridian of the Place, 


ale æpatis Nia. FY 


of + AE] 


Bock IV. of Natural Philoſophy: 275 


Tue Elevation towards the Moon à little exceeds 1398 
the oppoſite ones; the Aſcent of the Water is dimi- *1390 
id as you go towards the Poles, becauſe there is no 1295 
Agitation of the Water there. > 36d | 

What has, been demonſtrated in relation to the 1399 
Moon, may be applied to the Sun; therefore from 1400 
the Aion of the Sun every natural Day, the Sea is 1401 
twice elevated and twice depreſſed * this þ ke! 1395 
is much leſs, on account of the immenſe diſtance 
of the Sun, than that which depends upon the Moon, 
yet it is ſubject to the ſame Laws, 1402 

The Motjongs which depend pon the Adlions of. 1403 
tbe Moos and Sun, are not diſtinguiſh'd, but cCOn- 
founded; and from the Action of the Sun the lu- 
var Tide is only bang d; which Change varies every 
Day, by reaſon of the Inequality between the na- 1404 
tural and lunar Day“, 139% 

In the Syzygies the Elevation from the Actions 1495 
of both Luminaries concur, and /he Sea is more 
elevated ; the Sea aſcends. leſs in the Quadratures, 
for where the Water js elevated by the Action of 
the Moon, it is diſperſed by the Action of the 
Sun, and ſo on the contrary ; therefore whilf the 1400 
Moon paſſes from the Syzygy to the Quadrature, the 
caily Elevations: are continually diminiſb d; on the 
contrary, they are increas'd when the Moon moves 
the Ruadroture io the Syzygy : Ai a New-mooy alſo, 1407 
ceteris paribus, % Elevations gre greater; and 
thoſe that follow one another the ſame Day, are more Webs 
Arent than at a Hull ns. 15 
The greateſt and -leaſt Elevations are not ober d 1408 
ul the ſecond or third Day after the New or Full- 
wan, becauſe the Motion acquir'd js not pre- 
ently deſtroy d from the Attrition, and other 
Cauſes, by which acquir d Motion'the A ſcent of 
the Water is increagg; | altho? the Action by 
hich the Sea is raiſed be diminiſh'd, a.” 

4 *2 ike 
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like to what we have demonſtrated elſewhere con- 
*:174 cerning Heat“. 
1409 If now we conſider the Luminaries receding 
from the Plane of the Equator, we ſhall perceiye 
that the Agitation is diminiſh'd, and becomes leſs, 
© attording as the Declination of the Luminaries becomes 
©. greater, which plainly appears, if we conceive 
them to be in the Poles, for then the Axis of the 
ſpheroidical Figure coincides with the Action of 
the Earth; and all the Sections that are parallel 
to the Equator, are perpendicular to the Axis of 
the Spheroid, and theretore circular; fo that the 
Water in every Circle of Latitude will have every 
where the fame Elevation; and ſo in the Motion 
of the Earth, the height of the Sea is not chang'd 
in particular Places. If the Luminaries recede 
from the Poles, it is eaſy to find that the Agita- 
tion will be more and more increas'd, till it be 
the greateſt of all, the Spheroid revolving about 
a Line perpendicular to the Axis, the Axis of 
the Spheroid being ſuppoſed in the Plane of the 
. _ _ Equator. os \ : 
1410 © Hence it is plain, why in the Syzygics, near ibe 
Equinoxes, the Tides are obſerv'd to be the greateſt, 
both Luminaries being in or near the Equator. 


1411, The Affions of the Moon and Sun are greater, ibe 
1354 % thoſe Bodies are diſtant from the Earth® ; but 
21390 When the Diſtance of the Sun is leſs, and it 151n 
the South Signs, often both the greateſt equinoctia 
Tides are obſerv'd in that Situation of the Sun ; 
that is, before the vernal, and after the autumna 
Equinox, which yet does not happen every Year, 
becauſe ſome Variation may ariſe from the Situa- 
tion of the Moon's Orbit, and the diſtance of the 
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Plate XXV. Fg. 8. ] In Places diſtant from the 1412 
or, as ibe Luminaries recede from the Equator, 
the Elevations that happen. the ſame Day are unequal. 
Let PP be the Axis of the Earth, EE the Equa- 

tor, Ll a Circle of Latitude, A B the Axis of the 
roidical Figure which the Water forms; 
when a Place in the Circle LI is given at L or /, 

it is given in the ſame, Meridian with the Axis of 

the Spheroid, and the Water is molt elevated in 

both Caſes ; yet at Lit is more elevated than, at 

I, for CI exceeds CI; which Lines meaſure the 
Heights of the Waters, that is, the Diſtances from 
the Center; theſe Lines would be equal if AL 

and BI (which are the Diſtances from the Axis 

of the Spheroid) were equal; but CI is leſs, be- 
cauſe BI exceeds AL, which ariſes from the In- 
clination of the Axis of the Spheroid to the Equa- 

As long as the Moon is on the ſame fide of the Egaa: 1413 
un in any Place, that is, towards the Line CA 
continu'd, be Elevation of the Water is obſern'd 10 1414 
be. greateſt every Day after the Moon has paſſed the 
Meridian of , the Place, for there is the greateſt 
Elevation when the Place is come to L,; but if he 
Se; ſeparates, or is between the Moon and the 
Place of which we ſpeak, that is, if the Moon be 
towards the Line CB continu'd, the Water again 
at. ,will come to the greateſt height, and every 
Day the greateſt Eleuatian of the Sea will be after the 
Moon has paſſed thro* the oppoſite Meridian. 
All things which have been hitherto explain'd, 


would exactly obtain, if the whole Surface of the 
Earth was cover'd with Sea; but ſince the Sea 


is not every where, ſome Changes ariſe from 
thence, not indeed in the open Sea, . becauſe the 
Ocean is extended enough to be ſubje& to the 
tau 2043. a 03811 Motions 
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Motions we have ſpoken of; but the Situation of 


1415 the Shores, the Strzights, and mam) other things, de. 
ing upon the particular Situation of the Places, 

_ difturttheſe general Rules; yet it is plain from the 
moſt general Obſervations, that the Tide follows 
the Laws which we have explain'd. What re- 
mains is, to determine the Forces with which the 

Sun and Moon act upon the Sea, that it may 
that they are able to the Effects 
which we have mention'd ; and that the Actions 
of thoſe Bodies upon Fetiduluins and other Bodies 

ate infenfivle. 
1416 The Increaſe or Addition 90 the Gravity of the 
Moon in the Quadratures from the Actien of the 
Sun, is to the bien of the Moon towards the 
1291 Earth as 1 to 178,73“; ih which Computation 
we have ſuppos'd the mean diſtance of the Mon 
from the Center of the Earth to be 60 Sethidia- 
1285 meters of the Earth“; therefore the Gravity of 
the Moon is to the Gravity of the Earth's Surface 
1205 as 1 to 60 x 60 — therefore the above- 
mention'd Iicteaſe is to the Gravity on the 
Earth's Surface as 1 to 6434284 in which Com- 
tation there is an Error to be corrected. 

This Computation would be exact, if che 15 
creaſe of Which we ſpeak, was to the Force with 
which the Earth deſcends towat᷑ds the Sun; #3 the 
diſtance of the Moon (which is 60 Semidiameter 
of che Earth) to the diſtance oſ the Earth from 

285 the Sun“; but it is as the true mean diſtance of 
the Moon, which is 60 +-Setnidiameters of the 
Earth to the diſtance of the Earth from the Sun; 
whetefore the Increaſt that we have juſt deter. 
min'd ought to be τ Part increaſed, and 


will 


be to the force of Gravity on the Earth's Surface 
as 1 13+ to 643428, or as 1 to 638 110,4. 

This Inereaſe of the Gravity of the Moon in 
the Quadratures from the Action of the Sun, 15 


to 


© ce rr _ 
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to the Increaſe of the Gravity of the Water -on 

che Earth's Surface, in Places which are 90 Deg. 
diſtant from the Sun (from the ſame Action of 

the Sun) as 604 to 15; therefore this Increaſe of *: 288 
the Gravity is to the Gravity of the Water as 1 to 
38605679. The Diminution of the Gravity un- 

der the Sun, and in the oppoſite Place, is double 
this Increxſe® ; therefore it is to the Gravity as 4 *:296 
to 1930839 3 and #he whole Change in the Gravity 1417 
ariſing from „ IE is 10 the Gravity 

itfelf as 1 t0 12868560. 

In order to compare the Action of the Moon 1418 
with the Action of the Sun, we muſt make Ex- 
—— in Places, in which, by reaſon of the 

arrowneſs, the Sea is ſenſibly raiſed. Near Bri- 

Aol, at the Autumn and Spring, at which Times 
the Agitation of the Sea is greateſt“, the Water 1410 
aſcends in the Syzygies about 45 Feet, more or 
leſs ; in the — about 25 Feet, more 
or leſs; which Numbers are to one another as 9 
to 4. 

The Determination of the Forees, which we 
would find, if the greateſt and leaſt Elevations 
vere exactly at the Time of the Syzygies, would 
be very ay which we have ſhewn before not to 


— of the Moon from the Syzygy or 
the Quadrature is not always the fame in the 
greateſt or leaſt Elevation, for this diſtance varies, 
becauſe the Moon is ſometimes more, und ſome- 
times'leſs diſtant from the Meridian, when it goes 
thro* the 8y n W mean di- 
ſtance of the Moon from the Syzygy or Quadra- 
ture, to Which the — ObRroations) ought 
to be referr'd, is about 18 Deg. 30 Min. ſo that 
the whole Aktion of the Sun neither conſpires 
with the Action of the Moon in the Syzygies, 


nor acts contrary to it in the Quadratures; alſo 
1 4 in 
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in ſuch a Caſe, if at the Syzygy both the Lumi- 
naries be in the Equator, in the ſaid diſtance from 
the Quadrature, the Declination of the Moon is 
22 Deg. 13 Min. more or leſs, whereby the force 
*,409 of the Moon to move the Sea is diminiſh'd® ; be- 
ſides, ceteris paribus, the diſtance of the Moon 
from the Earth at the Syzygies is leſs than at the 
*1310 Quadratures*, | whence alſo the Action of the 
1411 Moon is diminiſh'd at the Quadratures® ; by at- 
tending to all which things we may diſcover, that 
1419 the mean Force of the Sun to move the Sea, 1s to the 
mean Force of the Moon to move the ſame, as 1 to 
4,48 153 but the Force of the Sun is to the Force 
1417 of Gravity as 1 co 12868 560% ; wherefore the 
Farce of the Moon is to the ſame Force of Gravity as 
1420 140 2871485 z from whence it follows, that theſe 
- Forces of; the Moon and Sun are too ſmall to be 
ſenſible in Pendulums, and other Experiments; 
but it is eaſily prov'd that they are capable of 
agitating the Sea. | 7 
By diminiſhing the Gravity »rs Part, the Sea 
*,368 is raiſed to the height of 88902 Khynland Feet“, 
1417 for each Perch contains 12 Feet; whence, by the 
1421 Rule of Proportion“, we find, that the Aion of 
1422 the Sun changes the height of ibe Sea two Feet, and 
71410 that the Aion of the Moon changes it 8,98; and 
that from the join'd Aion of both, the mean Agitation 
is of about 11 Feet, which agrees pretty well with 
1423 Obſervations; for in the open Ocean, as the Sea 
is more or leſs open, the Water is raiſed to the 
height of 6, 9, 12, or 15 Feet; in which Ele- 
vations alſo there is a difference ariſing from the 
Depth of the Waters; but thoſe Elevations, 
2424 which far exceed theſe, happen where the Sea vio- 
lenily enters into Streights or Cuts „ where the Force 
i not broken, till. the Mater riſes higher, 
N. Dre 1 


F s 2 | * N wy 0 
- - 
* 1 - 
COTE os dt abt 434 13 35 1 3 03 26 £34 F Aa | 
j — 
Fi 
1 þ 


* 


C in ru E.G ad IE £ At A £5 


Book IV. of Natural Philoſophy. 28 


CHAP. XX. 
Of the Moon's Denſity and Figure. 


H E Forces of the Sun and Moon for gi- 1425 
| ving motion to the Sea, are to one another 
in a Ratio compounded of the Ratio of the Quan- 
tities of Matter in theſe Bodies“ (for all the Par- i207 
ticles of Matter act) and the inverſe Ratio of the 
Cubes of the Diſtances of the Sun and Moon ſrom 
the Earth“. 21390 

The Quantities of Matter are in a Ratio com- 1402 
pounded of the Ratio of the Bulks, that is, of the 735+ 
Cubes of the Diameters and the Ratio of the Den- 
ſities“; wherefore the Forces above-mention'd * 288 
are directly as the Denſities and the Cubes of the 79 
Diameters, and inverſly as the Cubes of the Di- 
ſtances. 

The apparent Diameters of Bodies, that is, the 
Angles under which they are ſeen, increaſe as the 
Diameters themſelves, and diminiſh as the Di- 
ſtances ; that is, they are directly as the Diame- 
ters, and inverſly as the Diſtances; therefore the 
Ratio compounded of the Ratio's of the Cubes of 
the apparent Diameters of the Sun and Moon, and 
of the Ratio of the Denſities, will be the Ratio 
of the Forces whereby thoſe Bodies act upon the 
Sea 3 therefore the Den/ities of thoſe Bodies are 426 
direct iy as the Forces whereby they move the Sea, and 
mverſly as the Cubes of their apparent Diameters;, 
and dividing the Forces by the Cubes of thoſe _ 
Diameters, you have the Ratio of the Denſities. 


The 


— 
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The Force of the Sun is to the Force of the 
1419 Moon as 1 to 4,4815* ; the mean apparent Dia- 
meter of the Sun is 32 Min. 12 Sec. and the mean 
apparent Diameter of the Moon is 31 Min. 164 
Sec. that is, they are to one another as 8864 to 
1427 37533 therefore the Denſity of the Sun is to the 
Moon's Denſity as 10000 to 48911 ; which Den- 
ſity of the Moon may be compar d with the Den- 
250 ſities of Jupi tor, Sa turn, and the Earth“; and the 
Moon is denſer than the Eartbd. be: 

T be Quantities of Matter in two Bodies are to 
one another in a Ratio © ed of the Denfi- 
79 ties and Bulls“ ; thats, if che Body be a Sphere, 
in a Ratio compounded of the Denſities and the 

Cubes of the Diameters "| 
1428 The Dewſitics of the Moon and Zarth ate 10 me 
1427 anbiber as $8911 to 49214*, the Diameters as 11 
11366 to 40,2. therefore the antini of Matter in 
choſe Bodies are t 1 1 39, 16. Tho' the Denfi- 
ties be diſed rt d, if you ſuppoſe the Bodies to be 
homogeneous, yet the Quantities of Matter will 
be rightly defin d the? the Bodies are not homo- 
geneous 4 for we determine rhe which 
that Body would have, if the Matter of which 
the Body really conſiſts was equally diffus'd all 

over ie. 103 9019 24 n Baß 
1429 e Qravities on 'the Surſura of the Earth und 
Moon ave determin'd by maotfiplying the Denficies 
1230 by the Dlametersꝰ, -thax is dhe ure to ohe und- 
ther as 2, 9g tö 1, or as 40%8 x0 139, 3 which 
Number alfo dees expreſs the relation of Gra- 
viry on the Surface of the Moon with the Gravity 
1258 on the Surfaces of the d, Jupiter, and Saturn“. 
1430 The MW Center of 'Grovity of the Moon ani 
Earnb, about which both Bodies are mov'd, 
determin'd ; for its diſtance from the Center of 
the Earth, is to the diſtance between the Cen 2 


« 


Book IV. of Tat Philoſophy. 283 


of both Bodies, as the Quantity of Matter in the . 
Moon to the Quantity of Matter in both Bodies“; 234 
therefore 40, 13 i3 to 1 as the diſtance of the Moon 235 
from the Earth, is to the requir d diſtance of the _ 
Center of Gravity from the 858 ber . the Earth, 
which is found to be of 5126950 Perches, as is 
dedue'd from the known Diameter of on Earth“ 0 976 
and the diſtance of the Moon. 


To determine the Fi igure of the Moon, we muſt 1431 
examine what Figure it would have if it Was 
fluid ꝰ. If we conſider the Moon alone at reſt, it *:358 
would be ſpherical * ; if we conſider the Action *1359 
of the Earth upon the Moon, the Moen, would 
acquire the Picuce of a Spheroid, whole Axis 
would go thro' the Earth*. The Forte of the 1392 
Earth for changing the Figure of the Moon, is 
to the Forte of che Moon upon the Earth as 
39, 13 to 1*,. and as the Diameter of the Moon 1428 
to the Earth's Diameter*, which are to one ano- pm 
ther as 11 to 40, 5 and it is a Ratio compound · 1354 
ed of theſe 10, to 1. This Force of the Moon 
is to the Gravity upon the Earth's Surface as 1 to - 
287148g* Which Gravity on the Earth's Sur- 1420 
face is to the Cre on the Surface of the Moon 
as:407,8-40 139,2“, or 4s. 2871485 to 980028 3 *1429 
wherefore the Action of the Earth for changing the 
Moor? s Figure is to the Gravity upon the Moon's Sur- 
face as 10,7 to 980028, or as 1 to 91243 the 1432 
Gravity being chang d on the Earth's Surface by 
Hr — the Water is raiſed 8,95, Feet“; 1420 
and therefore if Gravity was to be Thang'd ptr 1422 
_ the Elevation would be of 280,7 Feet, as 
is found By the Rule of Three. If, keeping 
this Diminution of Gravity, we conſider a leſs 
Body, this Height muſt be diminiſh'd in propor- 
tion os the Diameter therefore from the dep 
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of the Earth the Elevation of the Moon is of 
76, 8 Feet; and if the Moon be homogeneous, 
1433 there will not be an Equilibrium, unleſs the Axis of 
the Spheroid exceeds the Diameter, Mrs e, 
dicular to'it, 153,60 Feet. * | 
81 7 
143. The Elevation of the Moon from the Aube of the 
Earth, may be diſcover*d by one ſingle Propor- 
tion, by knowing the Elevation of the Sea from 
te Moon's Action; for theſe Elevations are in a 
_ dujlicate — bao N 
| _ r © 
i 
1435 e 
we conceive the Parts to cohere, there till not be 
1 Aguillbrium between the Parts of the Moon, un- 
leſs the Aris of the Spheroid be directed towards 
tte Earth; whence we ſee the reaſon why be 
2 Moon always turns the ſame Face towards the Earth, 
by which continua Agitation the Moon has at 
leaſt acquired the Motion about its Aris, of which 
| . 970 we have before ſpoken®; which Motion muſt ne- 
1092 cefſarity be perform'd in the ſame Time as the Moon 
** Performs one Revolution, for from the Action a- 
bove-mention'd it muſt neceſſarily adapt itſelf 
gen to ſuch a Celerity ; for if the Celerity was grea- 
ter, it would be continually retarded by the 
Force the ſame Face is — We 
ed towatds the Earth; . and if this Celerity was 
| leſs, it would be continually accelerated; yet 
+) 1* this Force is not great enough ſenſibly-to dr 
--+* ſturb the Equibility of the Motion acquired 
1437 about the Axis every Revolution ; therefore 
. . tbe Motion. about the Axis is equable, though tht 
Moon be moved in its Orbit by an 14 
966 Zion *. | The Poſition alſo of the Moon's Axis 
JCI ſo chang'd by the Force n 
tion'd, 
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The Numbers (1.) and (2.) refer to the Firſt and Second 
Volume. p. fands for Pazr-aud n. for the Number 
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Cceleration of Miet (1,) p. 52. 5. 129. and 
the following Acceleration of Badjes ralling down 
upon an indlinfd Plane, p. 58. n. 144. and fol. 135. 
and fol. Sc | > = 
#olipile (2.) 21. . 606, 697. CY NS 


quation of T. (2.) p. 194» 1145 > 
Aquator (2.) p. 151. #. 1975. p. 188, 3. 3114. 
- Aquinox (2.) p. 15. u. 115%, 
recaſſon of the Equinoxes, p. 201. u. 1186. 
P. 203. 1. 1193. | 
w——tbe Explanation of this Motion, p. 27. n. 1382. and f. 


Air rant d among the Fluids (1.) p. 209. n. 417. and fol. 


— Weigh'd, p. 223. n. 442. 
w—endud with Elaſticity, p. 212. n. 426. and fol. 
w—conſi ſting of ſeparated Particles, p. 216. n. 431. 
— ments relating to it, p. 223. n. 442. and fol. 
de Vehicle of Sound, p. 249. n. 504. 
I Alion upon Fire. See Fire. 
Air-Pump, (1.) p. 219. #. 435. and fol. 
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Altitude or Height of the Stars (2.) p. 187. n. 1105. 
— of the Pole, p. 190. n. 1126. | 
Amplitude of tbe Stars, p. 187, f. 1104. * 
Angle of Incidence (2.) p. 28. n. 621. RO 
w—— of Refrain, ibid. n. 623. 
Reflexion, p. 8 1. n. 781. 
Animals cannat live without Air (.) p. 232. n. 463. 
— i condenſed Air, p. 23g. n. 463. 
Aphelia of Planets (2.) p. 182. n. 935. 
Apſides of Planets (2.) p. 152. n. 937, 
The Line of Apſides, p. 152. n. 938. J 
Aſcent of Fluids in capillary Tubes (3.) p. 13. n. 35. 
— even in a Vacuum, ibid. n. 36. 
— between two Glaſs Planes, p. 1 . 97. 38. 
Aſteriſms, p. 202. u. 1190. and fol. 
Atmoſphere (1.) p. 209. #. 418. 
Attraction (1.) p. 11. %. 31. 
be Laws of it, ibid. 

„un Gravity (2.) p. 207. n. 1210, 
The Space of Attraction (2.) p. 31. n. 632. 
Auges. See Apſides. 
Axioms concerning Motion (1.) p. 21, n. 38. and fol, 
Axes of 4 Planet (2.) p. 184. n. 949. 
The Mation of the Axis of the Earib. See the Preceſign of 

the Equinoxes. 7 
Axis in Peritrochio (1.) p. 38. n. 118. 
— the Properties of it, p. 39. n. 113. and fol, 
Axis of 4 Balance, p. 28. 1 24. 


Balance, its Propertics.(1.) p. 28. n. 17. and fol. 
— the Perfettion.of one, p. 24. n. 1-229t. 
— Falſe Balance, p. 30. . 92. — 
—— Hydroſtatical|Balance, p. 134. #. 17 
— Roman Balance (.) p. 30. 3. 911. 

Blackneſs. See Reflexion. | | 
Black Bodies grow warm ſooner than Bodies of other Colours 
(2.) P. 145+ u. 90% . —— 

Body, us Properties (f.) p. 4. n. 8. and fol. 
Burning 
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Burning Cid. li) p. 56. n. 703. * 1 
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ane, p. 75. n. 175. | 
Center of « Balance (1.) p. 28. n. 85. — Is ; 
CT Nd bm 95. 4.7.4 

7 n. 96. and fol. a 


1 p. 65. ni. 162. 1 
Central Fre 2 ) p. 108. n. 220. F 
baer Properties, p. 105. n. 221. and fol. ; 
— compar'd together,” p. 112. n. 26 and fol. j 
Centrifugal Force (r.) p. 104. n. 218. | 
Centripetal Force (f.) p. 105. n. 219. 2 | 
Dark Chamber (2:) p. 59. n. 711. p. 92. n. 817. | 

The Law of Cohefion (. p 11. n. 31. ; | 
Colour of Objefis (2.) p. 0G n. 859. N | 
of Rays, ibid. n. 860. : 
= arte =. <a p. 117. n. 1 863 


and fol. 
of Colo G ene ter feen ae. 


The Order 
gibility, p. 11. n. 861. 

— mixed Colours, 5. 127. 'n. 873, 874. 

From whence Colours come to be dull or " lively, p. 146. 
n. 911, 915. 

Why Colours vary in ſome Bodies according to the Situation 

F the Zy, ibid. 914. | 
1 ids mix d, p. 146. n. 916. 

, ring of a di Sele egi, 

in am p. 147. n. 917. on 

— the Clouds, ibid. 148. n. 920. — 

- Plates, p. 136. n. 887. 8 

ba Propetſies, ibid. and fol. 
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P. 146. n. 910. 2 
— p. 189. n. 979. and fol. 
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be Conjunction of ' the heavenly Bodies (2) 5 167. 
— (t.) p. 255. n. 528, aud fol. 
Courſe of @ River (1.) p. 198. n. 392. and fol. 
How ts meafre the Sings of its cal f. 199. o ang 
Rock Cryſal made lucid y 0 5. 3. n. 582. 


273 Day (2.) p. 193. a 17141. 

Arti Day, p. 194. #. 1147. 

Their Peng ibid. u. 11524 and fol,” | 

Limar Day, p. 294: u. 1394. g AN 

Declination "of @ Star (2.) p. 182. th. 1079. 41 
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(2.) p. 269. n. 1374- 

Daley (J.) p. w_ u. 264. 5 | 
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Dilatation 9 '& 
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Mater (1.) f. 1 10. p. 5 n. 7. and 


* Bond n. 26. 
ſpherical (x ) 12. n. 33. 3 * 
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and fol. p. 182. #. 1081: and fol. p. 200. =. 1183. 
| and fol. P. 228. n. 1244. and fol. P. N 1. rab. . 
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Point of the Eaſt (2.) P. 187. 3. 1102. 
Echo (1.) p. 258. n. 542. 
Eclipſe —7 a « Sadie 2 (2.) p. PLA n. 1033. 
— — 1 
" the Sun, 808 5 Sun. 

Ecliptic (2.) p. 165. n. 999. ied bd 
Plane of the Ecliptic, p. 153. . 940. 3 
Elaſticity (1.) p. 17. . 44. | 
Perfett Elaſticity, p. 76. * ea 
The Law of icity (1.) p. 123- u. 281. 
The Elaſticity. of Fibres, p. 120. n. 54 and . 
The Elaſticity 7 Plates ater Metal, p. 129. n,. W 
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Electricity (2.) 7. 3. u. 551. 

of @ Glaſs Tube, ibid. n. 554» 655. 

— of a Glaſs Glade, 5. n. 559. and ſo 

Conjeftures about the Cauſe of it, p. 7. n. 563. — fol, 

e Elongation of Planets (a.) p. 167. n. 1012. 
Se greateſt Elongation, ibid. u. — 4 LY 
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Changes in the Eye, p. 63. 1. 29. and fol. 
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Fite contain d in Bodies (3.) p. 3. n. 362. and fal. 
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Fluid (1.) P. 11, , 30. 
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p. 138. . 280. 
„e Motion of Fluide (i.) 5. 174. + 354. | 
FRO Hauen n p 177. n. 358. and 3 


Fountain. , 8 
eee 278. n. 360. and fol. 
188. n. 378. and fol. 
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— beavier, p. 148. n. 292. p. 149. n. 296. and fol. 
—— lighter, p. 154. n. 306. and fol. 
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Focus (2.) p. 40. 1. 650 | 

Fountain of Hero (I.) p. 237. n. 474. 

— xn” ond ihe Compreſion of the Air, P. 231, 
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u. 75» 77. 

RiſkeAlirve Gravity (1.) p. 149. 1. 295. 
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Deſcription and Uſe of the magic Lantern (2.) P. 99. 
n. 837. and fol. | 
Perfection of a magic Lantern (2.) p. 102. n. 839. 
— 1 Body (2.) p. 166. n. 1006. 


e e lace, p. 189. n. 1118. 

Circle of Latitude, p. ibid. n. IL 

Law of Nature (5 p. 2. n. 

How the Laws of Nature are kieover'd, ibid. 

NS. 53- u. 692. 

n (2.) P. 54. 1. 966. 
nſes, p. 55. u. 698. and fol, 

—_ Lenſes, p. 57. u. 704. and fol. 

Multiplying. Lenſes, p. 73. u. 759. 

Lever (I.) p. 35. u. 103, 104. 

— roperties, p. 35- n. 105. and fol. 

Light (2.) p. 14. u. 58 1. and fol. 
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A Ray of Light. See Ray. 

The Motion of Light (2.) p. 16. #. 589, 590. 

The Celerity of Light in different Mediums, p. 37. n. al 

Infleion of Light, p. 24. u. 611. and fol. 

— its Refrattion. See Refraction. 

— its Reflexion. - See Reflexion. 

Bodies 1 See Heat. 
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P. 40. B. 115. P. 44. 73. 119. p. 45. *. 121. 
Compound Machines, p. 47. #. 122. and fol. 
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monſtrated (1.) p. 44. n. 120. | 
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P. 53. n. 132. 
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A Machine for making Experiments concerning Percuſſion, 
E. 68. n. 170. 


or Ax Experiments concerning compound Motion 


e Percuſſion, p. 86. n. 191. 
Rh Powers, P- 92. n. 197. p. 95. — 


2 the Projettion of _ Bodies (1.) p. 100. 
n. 210. 
—— 1 ſhew the central Forces, p. 105. n. 222. 


w— for making Experiments n Elaſticity, p. 122. 


n. 24 
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— to ſpew the Preſſure of Fluids, p. 139. n. 281, 


p. 142. n. 282. p. 144. n. 283. 
— F * out the Denſity of Tut, p. 156. n. . 312, 


p. 158. n. 314. 
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and 318. 
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231. n. 461. 
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bew the Rifradtion of Light, p. 29. n. 630. 7 90 
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Mars . 155. u. 961. 
The celeſtial Matter ory ſubtile (2.) p. 221. n. 1243. 
—— it does not move Bodies, p. 222. n. 1244. 


The Quantities of Matter in Planets (2.) p. 231. n. 1255. 

The Medium of Light (1.) p. 7. n. 15. 

Mercury ſhines in a Vacuum (2.) p. 11. n. 571. and fol. 

The Planet Mercury (2.) p. 155. u. 958. 

2 C2.) p. 181. 3. 1077. p. 188. 3. 1114, 
1116. 

Firſt Meridian, p. 189. u. 1120. 

Meridian Line (2.) p. 186. n. 1101. 

Microſcope (2.) 7, 74, u. 760. 

— it magnifies ſmall Object, p. ibid. u. 761. 

| - it magnifies more when 2 p- 76. 
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Milky Way, p. 284. n. 1199. 
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Mirrors or Looking-glaſſes plane (2.) p. 87. n. 799. and 
fol. 

—— ſpherical and convex, p. 89. n. 806. and fol. 

— p. 90. n. 813. and fol. 
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Why it appears bigger near the Ha tes, p. 67. n. 735. 
I turns round its Axis, p. 157. n. 970. p. 184. n. 1092. 
I _ turns the ſame Face towards the Earth, p. 184. 
2. 
Kigc of the Moon (2.) p. 176. -n. 1047, © 


—— when it bappens, ibid. #.-1049; 1051, 


—— Partial, p. 177. n. 1052. 

— Total, il. B A. 1053. | 5 
— Central, ibid. n. 1054. 

The Gravity of tbe Moon towards the Earth, p. 217: 


n. 115. 
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e Denſity of the Moon, p. 282. n. 1427. 
The Gravity of the-Moon in its Surface, p. ibid. n. 1429, 

The Wea ea n. 1429. | 

The - Figure of the Moon, p. 283. u. 1431. 

A phyſical Explanation of the motion of the Moon, p. 243. 

128. and fol. 

The Motion and Diſtance of the Moon (2.) p. 157. 
.n. 967. and fol. 

The Dimenſions of the Moon, P. 159. u. 977. 

The diſtance of the Moon, if in its periodical Time it was 

carried round the Earth, and the Earth flood ſiill, 

p. 228. n. 1253. | 
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